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SINCE the appearance of this book in its original form, 

some seventeen years since, the construction of Railways 
has continued to make extraordinary progress. Although 

Great Britain, first in the field, had then, after about 
twenty-five years’ work, expended nearly 300 millions 
sterling in the construction of 8300 miles of railway, it 
has, during the last seventeen years, expended about 288. 
millions more in constructing 7780 additional miles. 

But the construction of railways has proceeded with 
,1al rapidity on the Continent. FrancesGermany, Spain, 
Sweden, Belgium, Switzerland, Holland, have largely 

ded to their railway mileage. Austria is actively en-, 
gaged in carrying new lines across the plains of Hungary, 

‘ich Turkey is preparing to meet by lines carried up 

slley of the Lower Danube. Russia is also occupied 

‘extensive schemes for connecting Petersburg and 

lw with her ports in the Black Sea on the one hand, 
and with the frontier towns of her Asiatic empire on the 
other. 

Italy is employing her new-born liberty in vigorously 
extending railways throughout her dominions. A direct 
line of communication has aiready been opened between 
France and Italy. through the Mont Cenis Tunnel; while 
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another has been opened between Germany and Italy 
through the Brenner Pass,—so that the entire journey 
may now be made by two different railway routes (ex- 
cepting only the short sea-passage across the English 
Channel) from London to Brindisi, situated in the south- 
eastern extremity of the Italian peninsula. 

During the last sixteen years, nearly the whole of the 
Indian railways have been made. When Edmund Burke, 
in 1783, arraigned the British Government for their 
neglect of India in his speech on Mr. Fox’s Bill, he said: 
“England has built no bridges, made no high roads, cut 
no navigations, dug out no reservoirs. .... Were we to 
be driven out of India this day, nothing would remain 
to tell that it had been possessed, during the inglorious 
period of our dominion, by anything better than the 
ourang-outang or the tiger.” 

But that reproach no longer exists. Some of the greatest 
bridges erected 4n modern times—such as those over the 
Sone near Patna, and over the Jumna at Allahabad —have 
been erected in connection with the Indian railways. More 
_ than 5000 miles are now at work, and they have been con- 
structed at an expenditure of about 88,000,0001. of British 
capital, guaranteed by the British Government. The 
Indian railways connect the capitals of the three Presi- 
dencies—uniting Bombay with Madras on the south, and 
with Calcutta on the north-east—while a great main line, 
2200 miles in extent, passing through the north-western 
provinces, and connecting Calcutta with Lucknow, Delhi, 
Lahore, Moultan, and Kurrachee, unites the mouths of the 
Hooghly in the Bay of Bengal with those of the Indus 
in the Arabian Sea. 
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When the first edition of this work appeared, in tho 
beginning of 1857, the Canadian system of railways was 
but in its infancy. The Grand Trunk was only begun, 
and the. Victoria Bridge—the greatest of all railway 
structures—was not half erected. The Colony of Canada 
: ee more than 3000 miles in active operation along 
th® great valley of the St. Lawrence, connecting Riviére 
du Loup at the mouth of that river, and the harbour of 
Portland in the State of Maine, v4 Montreal and Toronto, 
with Sarnia on Lake Huron, and with Windsor, oppo- 
site Detroit in the State of Michigan. During the same 
time the Australian Colonies have been actively engaged 
in providing themselves with railways, many of which 
are at work, and others are in course of formation. The 
Cape of Good Hope has several lines open, and others 
making. France has constructed about 400 miles in 
Algeria; while the Pasha of Egypt is the proprietor of 
360 miles in operation across the Egyptian desert. The 
Japanese are also making railroads. 

But in no country has railway construction been prose- 
outed with greater vigour than in the United States. 
There the railway furnishes not only the means of inter- 
communication between already established settlements, 
as in the Old World; but it is regarded as the pioneer of 
colonization, and as instrumental in opening up new and 
fertile territories of vast extent in the west,—the food- 
grounds of future nations. Hence railway construction in 
that country was scarcely interrupted even by the great 
Civil War,—at the commencement of which Mr. Seward 
publicly expressed the opinion that « physical bonds— 
such as highways, railroads, rivers, and canals---are vastly 
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more powerful for holding civil communities together 
than any mere covenants, though written on parchment or 
engraved on iron.” 

The people of the United States were the first to follow 
the example of England, after the practicability of steam 
locomotion had been proved on the Stockton and Darling-— 
ton, and Liverpool and Manchester Railways. The first 
sod of the Baltimore and Ohio Railway was cut on the 4th 
of July, 1828, and the line was completed and opened for 
traffic in the following year, when it was worked partly 
by horse-power, and partly by a locomotive built at 
Baltimore, which is still preserved in the Company’s 
workshops. In 1830, the Hudson and Mohawk Railway 
was begun, while other lines wero under construction in 
Pennsylvania, Massachusetts, and New Jersey ; and in the 
course of ten years, 1843 miles were finished and in opera- 
tion. In ten more years, 8827 miles were at work ; at the 
end of 1864, 35,600 miles; and at the 31st of December, 
1873, not less ‘than 70,651 miles were in operation, of 
which 3916 had been made during that year. One of the 
most extensive trunk-lines is the Great Pacific Railroad, 
connecting the lines in the valleys of the Mississippi and 
the Missouri with the city of San Francisco on the shores 
of the Pacific, by means of which it is possible to make the 
journey from England to Hong Kong, vid New York, in 
little more than a month. 


The results of the working of railways have been in 
many respects different from those anticipated by their 
projectors. One of the most unexpected has been the 
growth of an immense passenger-traffic. The Stookton 
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and Darlington line way projected as a coal line only, and 
the Liverpool and Manchester as a merchandiseline. Pas. 
sengers were not taken into account as a source of revenue ; 
for at the time of their projection, it was not believed that 
people would trust themselves to be drawn upon a rail- 
way by an “explosive machine,” as the locomotive was de- 
scribed to be. Indeed, a writer of eminence declared that he 
would as soon think of being fired off on a ricochet rocket, 
as travel on a railway at twice the speed of the old stage- 
coaches. So great was the alarm which existed as to the 
locomotive, that the Liverpool and Manchester Committee 
pledged themse!ves in their second prospectus, issued in 
1825, “not to require any clause empowering its use ;” 
and as late as 1829, the Newcastle and Carlisle Act was 
conceded on the express condition that the line should 
not be worked by locomotives, but by horses only. 

Nevertheless, the Liverpool and Manchester Company 
obtained powers to make and work their yailway without 
any such restriction; and when the line was made and 
opened, a locomotive passenger-train was advertised to be 
run upon it, by way of experiment. Greatly to the sur- 
prise of the directors, more passengers presented them- 
selves as travellers by the train than could conveniently 
be carried. 

The first arrangements as to passenger-traffic were of 
a very primitive character, being mainly copied from the 
old stage-coach system. The passengers were “ booked” 
at the railway office, and their names were entered in a 
way-bill which was given to the guard when the train 
started. Though the usual stage-coach bugleman could 
not conveniently accompany the passengers, the trains 
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were at first played out of the terminal stations by a lively 
tune performed by a trumpeter at the end of the platform ; 
and this continued to be done at the Manchestcr Station 
until a comparatively recent date. 

But the number of passengers carried by the Liverpool 
and Manchester line was so unexpectedly great, that it 
was very soon found neccessary to remodel the entire sys- 
tem. ‘Tickets were introduced, by which a great saving 
of time was effected. More roomy and commodious car- 
riages were provided, the original first-class compartments 
being seated for four passengers only. Everything was 
found to have been in the first instance made too light 
and too slight. The prize ‘ Rocket,’ which weighed only 
41 tons when loaded with its coke and water, was found 
quite unsuited for drawing the increasingly heavy loads of 
passengers. There was also this essential difference be- 
tween the old stage-coach and the new railway train, that, 
whereas the former was ‘full ” with six inside and ten 
outside, the latter must be able to accommodate whatever 
number of passengers came to be carried. Hence heavier 
and more powerful engines, and larger and more substan- 
tial carriages were from time to time added to the carrying 
stock of the railway. 

The speed of the trains was also increased. The first 
locomotives used in hauling coal-trains ran at from four 
to six miles an hour.: On the Stockton and Darlington 
line the speed. was increased to about ten miles an hour; 
and on the Liverpool and Manchester line the first pas- 
senger-trains were run at the average speed of seventeen 
miles an hour, which at that time was considered very 
fast. But this was not enough. When the London and 
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Birmingham line was opened, the mail-trains were run 
at twenty-three miles an hour; and gradually the speed 
went up, until now the fast trains are run at from fifty to 
sixty miles an hour,—the pistons in the cylinders, at sixty 
miles, travelling at the inconceivable rapidity of 800 feet 
per minute! 

To bear the load of heavy engines run at high speeds, 
a much stronger and heavier road was found necessary ; 
and shortly after the opening of the Liverpool and Man- 
chester line, it was entircly relaid with stronger materials. 
Now that express passenger-engines are from thirty to 
thirty-five tons each, the weight of the rails has been 
increased from 35 lbs. to 75lbs. or 861bs. to the yard. 
Stone blocks have given place to wooden sleepers; rails 
with loose ends resting on the chairs, to rails with their 
ends firmly “ fished” together; and in many places, where 
the traffic is unusually heavy, iron rails have been replaced 
by those of steel. 

And now see the enormous magnitude to which railway 
passenger-traffic has grown. In the year 1873, 401,465,086 
passengers were carried by day tickets in Great Britain 
alone. But this was not all. For in that year 257,470 
periodical tickets were issued by the different railways ; 
and assuming half of them to be annual, one-fourth half- 
yearly, and the remainder quarterly tickets, and that their 
holders made only five journeys cach way weekly, this 
would give an additional number of 47,024,000 journeys, 
or a total of 448,489,086 passengers carried in Great 
Britain in one year. oF 

It is difficult to grasp the idea of the enormous number 
of persons represented by these figures. The mind is 
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merely bewildered by them, and can form no adequate 
notion of their magnitude. To reckon them singly would 
occupy twenty-five years, counting at the rate of one a 
second for twelve hours every day. Or take another 
illustration. Supposing every man, woman, and child in 
Great Britain to make ten journeys by rail yearly, 
the number would greatly fall short of the passengers 
carried in 1873. 

Mr. Porter, in his ‘Progress of the Nation,’ estimated 
that thirty millions of passengers, or about eighty-two 
thousand a day, travelled by coaches in Great Britain in 
1834, an average distance of twelve miles each, at an 
average cost of 5s. a passenger, or at the rate of 5d. a mile; 
whereas above 448 millions are now carried by railway 
an average distance of 84 miles each, at an average cost of 
1s. 14d. per passenger, or about three halfpence per mile, 
in considerably less than one-fourth of the time.: 

But besides the above number of passengers, over one 
hundred and sixty-two million tons of minerals and mer- 
, Chandise were carried by railway in the United Kingdom 
in 1873, besides mails, cattle, parcels, and other traffic. 
The distance run by passenger and goods trains in the 
year was 162,561,304 miles; to accomplish which it is 
estimated that four miles of railway must have been 
covered by running trains during every second all the 
year round. 

To perform this service, there were, in 1873, 11,255 
locomotives at work in the United Kingdom, consuming 
about four million tons of coal and coke, and flashing into 
the air every minute some forty tons of water in the form 
of steam in a high state of elasticity. There were also 


INTRODUCTION. xi 


24,644 passenger-carriages, 9128 vans and breaks attached 
to passenger-trains, and 329,163 trucks, waggons, and 
other vehicles appropriated to merchandise. Buckled 
together, buffer to buffer, the locomotives and tenders 
would extend from London to Peterborough; while the 
carrying vehicles, joined together, would form two trains 
occupying a double line of railway extending from London 
to beyond Inverness. 

A notable feature in the growth of railway traffic of 
late years has been the increase in the number of third- 
class passengers, compared with first and second class. 
Sixteen years since, the third-class passengers constituted 
only about one-third; ten years later, they were about 
one-half; whereas now they form more than three-fourths 
of the whole number carried. In 1873, there were about 
23 million first-class passengers, 62 million second-class, 
and not less than 306 million third-class. Thus George 
Stephenson’s prediction, “that the time would come 
when it would be cheaper for a working man to make 
a journey by railway than to walk on foot,” is already 
verified. 

The degree of safety with which this great traffic has 
been conducted is not the least remarkable of its features. 
Of course, so long- as railways are worked by men they 
will be liable to the imperfections belonging to all 
things human. Though their machinery may be perfect 
and their organisation as complete as skill and fore- 
thought can make it, workmen will at times be forget- 
ful and listless; and a momefft’s carelessness may lead 
to the most disastrous results. Yet, taking all circum- 
stances into account, the wonder is, that travelling by 
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railway at high speed should have been rendered com- 
paratively so safe. 

To be struck by lightning is one of the rarest of all 
causes of death; yet more persons are killed by light- 
ning in Great Britain than are killed on railways from 
causes beyond their own control. Most persons would 
consider the probability of their dying by hanging to be 
extremely remote; yet, according to the Registrar-Gene- 
ral’s returns, it is considerably greater than that of being 
killed by railway accident. 

The remarkable safety with which railway traffic is on 
the whole conducted, is due to constant watchfulness and 
highly-applied skill. The men who work the railways 
are for the most part the picked men of the country, and 
every railway station may be regarded as a practical 
school of industry, attention, and punctuality. 

Few are aware of the complicated means and agencies 
that are in constant operation on railways day and night, 
to ensure the safety of the passengers to their journey’s 
end. The road is under a system of continuous inspection. 
The railway is watched by foremen, with “ gangs” of men 
under them, in lengths varying from twelve to five miles, 
according to circumstances. Their continuous duty is to 
see that the rails and chairs are sound, their fastenings 
complete, and the line clear of all obstructions. 

Then, at all the junctions, sidings, and crossings, 
pointsmen are stationed, with definite instructions as to 
the duties to be performed by them. At these places, 
signals are provided, worked from the station platforms, 
or from special signal boxes, for the purpose of protecting 
the stopping or passing trains. When the first railways 
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were opened, the signals were of a very simple kind. 
The station men gave them with their arms stretched out 
in different positions; then flags of different colours were 
used ; next fixed signals, with arms or discs of rectangular 
or triangular shape. These were followed by a complete 
system of semaphore signals, near and distant, protecting 
all junctions, sidings, and crossings. 

When Government inspectors were first appointed by 
the Board of Trade to examine and report upon the work- 
ing of railways, they were alarmed by the number of 
trains following cach other at some stations, in what then 
seemed to be a very rapid succession. A passage from a 
Report written in 1840 by Sir Frederick Smith, as to the 
traffic at “ Taylor’s Junction,” on the York and North 
Midland Railway, contrasts curiously with the railway 
life and activity of the present day :—‘“‘ Here,”’ wrote the 
alarmed Inspector, “the passenger trains from York as 
well as Leeds and Selby, meet four times a day. No less 
than 23 passenger-trains stop at or pass this station in 
the 24 hours—an amount of traffic requiring not only the 
most perfect arrangements on the part of the manage- 
ment, but the utmost vigilance and energy in the servants 
of the Company employed at this place.” 

Contrast this with the state of things now. On the 
Metropolitan Line, 667 trains pass a given point in one 
direction or the other during the eighteen hours of the 
working day, or an average of 36 trains an hour. At 
the Cannon Street Station of the South-Eastern Railway, 
527 trains pass in and out daily, many of them crossing 
each other’s tracks under the protection of the station- 
signals. Forty-five trains run in and out between 9 and 
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10 a.mM., and an equal number between 4 and 5 PM. 
Again, at the Clapham Junction, near London, about 
700 trains pass or stop daily ; and though to the casual 
observer the succession of trains coming and going, run- 
ning and stopping, coupling and shunting, appears a scene 
of inextricable confusion and danger, the whole is clearly 
intelligible to the signalmen in their boxes, who work the 
trains in and out with extraordinary precision and regu- 
larity. 

The inside of a signal-box reminds one of a pianoforte 
on a large scale, the lever-handles corresponding with the 
keys of the instrument; and, to an uninstructed person, 
to work the one would be as difficult as to play a tune on 
the other. The signal-box outside Cannon Street Station 
contains 67 lever-handles, by means of which the signal- 
men are enabled at the same moment to communicate with 
the drivers of all the engines on the line within an area of 
800 yards. They direct by signs, which are quite as in- 
intelligible as words, the drivers of the trains starting 
from inside the station, as well as those of the trains 
arriving from outside. By pulling a lever-handle, a dis- 
tant signal, perhaps out of sight, is set some hundred 
yards off, which the approaching driver—reading it 
quickly as he comes along—at once interprets, and stops 
or advances as the signal may direct. 

The precision and accuracy of the signal-machinery 
employed at important stations and junctions have of late 
years been much improved by an ingenious contrivance, 
by means of which the setting of the signal prepares the 
road for the coming train. When the signal is set at 
“Danger,” the points are at the same time worked, and 
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the road is “locked” against it; and when at ‘“ Safety,” 
the road is open,—the signal and the points exactly cor- 
responding. 

The Electric Telegraph has also been found a valuable 
auxiliary in ensuring the safe working of large railway 
traffiics. Though the locomotive may run at 60 miles an 
hour, electricity, when at its fastest, travels at the rate of 
288,000 miles a second, and is therefore always able to 
herald the coming train. The electric telegraph may, 
indeed, be regarded as the nervous system of the railway. 
By its means the whole line is kept throbbing with intel- 
ligence. The method of working the electric signals 
varies on different lines; but the usual practice is, to 
divide a line into so many lengths, each protected by 
its signal-stations,—the fundamental law of telegraph- 
working being, that two engines are not to be allowed to 
run on the same line between two signal-stations at the 
same time. 

When a train passes one of such stations, it is imme- 
diately signalled on—usually by electric signal-bells— 
to the station in advance, and that interval of railway is 
“blocked” until the signal has been received from the 
station in advance that the train has passed it. Thus 
an “interval of space is always secured between trains fol- 
lowing each other, which are thereby alike protected before 
and behind. And thus, when a train starts on a journey, 
it may be of hundreds of miles, it is signalled on from 
station to station—it “lives along the line,”—until at 
length it reaches its destination and the last signal of 
“train in” is givén. By this means an immense number 
of trains can be worked with regularity and safety. On 
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the South-Eastern Railway, where the system has been 
brought to a state of high efficiency, it is no unusual thing 
during Easter week to send 600,000 passengers through 
the London Bridge Station alone; and on some days as 
many as 1200 trains a-day. 

While such are the expedients adopted to ensure safety, 
others equally ingenious are adopted to ensure speed. In 
the case of express and mail trains, the frequent stopping 
of the engines to take in a fresh supply of water occasions 
a considerable loss of time on along journey, each stoppage 
for this purpose occupying from ten to fifteen minutes. 
To avoid such stoppages, larger tenders have been provided, 
capable of carrying as much as 2000 gallons of water each. 
But as a considerable time is occupied in filling these, a 
plan has been contrived by Mr. Ramsbottom, the Loco- 
motive Engineer of the London and North-Western Rail- 
way, by which the engines are made to feed themselves 
while running at full speed! The plan is as follows :— 
An open trough, about 440 feet long, is laid longitudinally 
between the rails. Into this trough, which is filled with 
water, a dip-pipe or scoop attached to the bottom of the 
tender of the running train 1s lowered ; and, at a speed of 
50 miles an hour, as much as 1070 gallons of water are 
scooped up in the course of a few minutes. ‘The first of 
such troughs was laid down between Chester and Holy- 
head, to enable the Express Mail to run the distance of 
84? miles in two hours and five minutes without stopping ; 
and similar troughs have since been laid down at Bushey 
near London, at Castlethorpe near Wolverton, and at Park- 
side near Liverpool. At these four troughs about 130,000 
gallons of water are scooped up daily. 
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Wherever railways have been made, new towns have 
sprung up, and old towns and cities been quickened into 
new life. When the first English lines were projected, 
great were the prophecies of disaster to the inhabitants ot 
the districts through which they were proposed to be 
forced. Such fears have long since been dispelled in this 
country. The same prejudices existed in France. When 
the railway from Paris to Marseilles was laid out so as to 
ass through Lyons, a local prophet predicted that if the 
line were made the city would be ruined—“ Ville traversée, 
ville perdue ;’ while ‘a local priest denounced the locomotive 
and the electric telegraph as heralding the reign of Anti- 
christ. But such nonsense is no longer uttered. Now it 
is the city without the railway that is regarded as the 
“ city lost; ” for it is in a measure shut out from the rest 
of the world, and left outside the pale of civilisation. 

Perhaps the most striking of all the illustrations that 
could be offered of the extent to which railways facilitate 
the locomotion, the industry, and the subsistence of the 
population of large towns and cities, is afforded by the 
working of the railway system in connection with the 
capital of Great Britain. 

The extension of railways to London has been of com- 
paratively recent date; the whole of the lines connecting 
it with the provinces and terminating at its outskirts, 
having been opened during the last thirty years, while the 
lines inside London have for the most part been opened 
within the last sixteen years. 

The first London line was the Greenwich Railway, part 
of which was opened for traffic to Deptford in February 
1836, The working of this railway was first exhibited as. 

V. b 


XVill INTRODUCTION. 


a show, and the usual attractions were employed to make 
it “draw.” A band of musicians in the garb of the Beef- 
eaters was stationed at the London end, and another band 
at Deptford. For cheapness’ sake the Deptford band was 
shortly superseded by a large barrel-organ, which played 
in the passengers ; but when the traffic became established, 
the barrel-organ, as well as the beef-cater band at the 
London end, were both discontinued. The whole length 
. of the line was lit up at night by a row of lamps on either 
side like a street, as if to enable the locomotives or the 
passengers to see their way in the dark; but these lamps 
also were eventually discontinued as unnecessary. 

As a show, the Greenwich Railway proved tolerably 
successful. During the first eleven months it carried 
456,750 passengers, or an average of about 1300 a-day. 
But the railway having been found more convenient to 
the public than either the river boats or the omnibuses, 
the number of,passengers rapidly increased. When the 
Croydon, Brighton, and South-Eastern Railways began to 
pour their streams of traffic over the Greenwich viaduct, 
its accommodation was found much too limited; and it 
was widened from time to time, until now nine lines of 
railway are laid side by side, over which more than twenty 
millions of passengers are carried yearly, or an average of 
about 60,000 a day all the year round. 

Since the partial opening of the Greenwich Railway in 

.1836, a large extent of railways has been constructed in 
and about the metropolis, and convenient stations have 
been established almost in the heart of the City. Sixteen 
of these stations are within a circle of halfa mile radius 
from the Mansion House, and above three hundred stations 
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aro in actual use within about five miles of Charing 
Cross. 

To accommodate this vast traffic, not fewer than 3600 
local trains are run in and out daily, besides 340 trains 
which depart to and arrive from distant places, north, 
south, east, and west. In the morning hours, between 
8.30 and 10.30, when business men are proceeding inwards 
to their offices and counting-houses, and in the afternoon 
between four and six, when they are returning outwards 
to their homes, as many as two thousand stoppages are 
made in the hour, within the metropolitan district, for 
the purpose of taking up and setting down passengers, 
while about two miles of railway are covered by the 
running trains. 

One of the remarkable effects of railways has been to 
extend the residential area of all large towns and cities. 
This is especially notable in the case of London. Before 
the introduction of railways, the residential area of the 
metropolis was limited by the time occupied by business 
men in making the journey outwards and inwards daily ; 
and it was for the most part bounded by Bow on the east, 
by Hampstead and Highgate on the north, by Paddington 
and Kensington on the west, and by Clapham and Brixton 
on the south. But now that stations have been established 
near the centre of the city, and places so distant as 
Waltham, Barnet, Watford, Hanwell, Richmond, Epsom, 
Croydon, Reigate, and Erith, can be more quickly reached 
by rail than the old suburban quarters were by omnibus, 
the metropolis has become extended in all directions along 
ita railway lines, and the population of London, instead of 
living in the City or its immediate vicinity, as formerly, 
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have come to occupy a residential area of not less than six 
hundred square miles | : 

The number of new towns which have consequently 
sprung into existence near London within the last twenty 
years has been very great; towns numbering from ten to 
twenty thousand inhabitants, which before were but vil- 
lages,—if, indeed, they existed. This has especially been 
the case along the lines south of the Thames, principally 
in consequence of the termini of those lines being more 
conveniently situated for city men of business. Hence 
the rapid growth of the suburban towns up and down 
the river, from Richmond and Staines on the west, to Erith 
and Gravesend on the east, and the hives of population 
which have settled on the high grounds south of the 
Thames, in the neighbourhood of Norwood and the Crystal 
Palace, rapidly spreading over the Surrey Downs, from 
Wimbledon to Guildford, and from Bromley to Croydon, 
Epsom, and Rorking. And now that the towns on the 
south and south-east coast can be reached by city men in 
little more time than it takes to travel to Clapham or 
Bayswater by omnibus, such places have become as it were 
parts of the great metropolis, and Brighton and Hastings 
are but the marine suburbs of London. 

The improved state of the communications of the City 
with the country has had a marked effect upon its popu- 
Jation. While the action of the railways has been to add 
largely to the number of persons living in London, it has 
also been accompanied by their dispersion over a much 
larger area. Thus the population of the central parts of 
London is constantly decreasing, whereas that of the 
suburban districts is as constantly increasing. The popu- 
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Jation of the City fell off more than 10,000 between 1851 
and 1861; and during the same period, that of Holborn, 
the Strand, St. Martin’s-in-the-Fields, St. James’s, West- 
minster, East and West London, showed a considerable 
decrease. But, as regards the whole mass of the metro- 
politan population, the increase has been enormous. Thus, 
starting from 1801, when the population of London was 
958,863, we find it increasing in each decennial period at 
the rate of between two and three hundred thousand, until 
the year 1841, when it amounted to 1,948,369. Railways 
had by that time reached London, after which its popula- 
tion increased at nearly double the former ratio. In the 
ten years ending 1851, the increase was 513,867; and in 
the ten years ending 1861, 441,753: until now, to quote 
the words of the Registrar-General in a recent annual 
Report, “ the population within the registration limits is 
by estimate 2,993,513; but beyond this central mass there 
is a ring of life growing rapidly, and extending along 
railway lines over a circle of fifteen miles from Charing 
Cross. The population within that circle, patrolled by the 
metropolitan police, 1s about 3,463,771 ” ! 

The aggregation of so vast a number of persons within 
so comparatively.limited an area—the immense quantity 
of food required for their daily sustenance, as well as of 
fuel, clothing, and other necessaries—would be attended 
with no small mconvenience and danger, but for the 
facilities again provided by the railways. The provisioning 
of a garrison of even four thousand men is considered a 
formidable affair; how much more so the provisioning of 
nearly four millions of people ! 

The whole mystery is explained by the admirable 
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organisation of the railway service, and the regularity and 
despatch with which it is conducted. We are enabled 
by the courtesy of the General Managers of the London 
railways to bring together the following brief summary of 
facts relating to the food supply of London, which will 
probably be regarded by most readers as of a very remark- 
‘able character. 

Generally speaking, the railways to the south of the 
Thames contribute comparatively little towards the feed- 
ing of London. They are, for the most part passenger and 
residential lines, traversing a limited and not very fertile 
district bounded by the sea-coast; and, excepting in fruit 
and vegetables, milk and hops, they probably carry more 
food from London than they bring to it. The principal 
supplies of grain, flour, potatoes, and fish, are brought by 
railway from the eastern counties of England and Scot- 
land; and of cattle and sheep, beef and mutton, from the 
grazing counties of the west and north-west of Britain, as 
far as the Highlands of Scotland, which have, through the 
instrumentality of railways, become part of the great 
grazing grounds of the metropolis. 

Take first “ the staff of life”’—bread and its constituents. 
Of wheat, not less than 222,080 quarters were brought into 
London by railway in 1867, besides what was brought by 
sea; of oats 151,757 quarters; of barley 70,282 quarters ; 
of beans and peas 51,448 quarters. Of the wheat and 
barley, by far the largest proportion is brought by the 
Great Eastern Railway, which delivers in London in one 
year 155,000 quarters of wheat and 45,500 quarters of 
barley, besides 600,429 quarters more in the form of malt. 
The largest quantity of oats is brought by the Great 
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Northern Railway, principally from the north of England 
and the Hast of Scotland,—the quantity delivered by that 
Company in 1867 having been 97,500 quarters, besides 
24,664 quarters of wheat, 5560 quarters of. barley, and 
103,917 quarters of malt. Again, of 1,250,566 sacks of 
flour and meal delivered in London in one year, the 
Great Eastern brings 654,000 sacks, the Great Northern 
232,022 sacks, and the Great Western 136,312 sacks; 
the principal contribution of the London and North- 
Western Railway towards the London’ bread-stores being 
100,760 boxes of American flour, besides 24,300 sacks 
of English. The total quantity of malt delivered at the 
London railway stations in 1867 was thirteen hundred 
thousand sacks. 

Next, as to flesh meat. In 1867, not fewer than 172,300 
head of cattle were brought to London by railway,— 
though this was considerably less than the number carried 
before the cattle-plague, the Great Eastern Railway alone 
having carried 44,672 less than in 1864. But this loss 
has since been more than made up by the increased quan- 
tities of fresh beef, mutton, and other kinds of meat im- 
ported in lieu of the live animals. The principal supplies 
of cattle are brought, as we have said, by the Western, 
Northern, and Eastern lines: by the Great Western from 
the western counties and Ireland; by the London and 
North-Western, the Midland, and the Great Northern 
from the northern counties and from Scotland; and by the 
Great Eastern from the eastern counties and from the 
ports of Harwich and Lowestoft... 

In 1867, also, 1,147,609 sheep were brought to London 
by railway, of which the Great Eastern delivered not less 
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than 265,371 head. The London and North-Western and 
Great Northern between them brought 390,000 head from 
the northern English counties, with a large proportion from 
the Scotch Highlands. While the Great Western brought 
up 130,000 head from the Welsh mountains and from the 
rich grazing districts of Wilts, Gloucester, Somerset, and 
Devon. Another important freight of the London and 
North-Western Railway consists of pigs, of which they 
delivered 54,700 in London, principally Irish; while the 
Great Eastern brought up 27,500 of the same animal, 
partly foreign. | 

While the cattle-plague had the effect of greatly re- 
ducing the number of live stock brought into London 
yearly, it gave a considerable impetus to the Fresh 
Meat traffic. Thus, in addition to the above large num- 
bers of cattle and sheep delivered in London in 1867, the 
railways brought 76,175 tons of meat, which—taking, 
the meat of an average beast at 800 lbs., and of an average 
sheep at 64 lbs—would be equivalent to about 112,000 
more cattle, and 1,267,500 more sheep. The Great 
Northern brought the largest quantity; next the London 
and North-Western ;—these two Companies having brought 
up between them, from distances as remote as Aberdeen 
and Inverness, about 42,000 tons of fresh meat in 1867, at 
an average freight of about 4d. a lb. 

Again as regards Fish, of which six-tenths of the whole 
juantity consumed in London is now brought by rail. 
The Great Eastern and the Great Northern are by far the 
largest importers of this article, and justify their claim to 
be regarded as the great food lines of London. Of the 
61,358 tons of fish brought by railway in 1867, not leas 
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than 24,500 tons were delivered by the former, and 
22,000 tons, brought from much longer distances, by the 
latter Company. The London and North-Western brought 
about 6000 tons, the principal part of which was salmon 
from Scotland and Ireland. The Great Western also 
brought about 4000 tons, partly salmon, but the greater 
part mackerel from the south-west coast. During the 
mackerel season, as much as a hundred tons at a time are 
brought into the Paddington Station by express fish-train 
from Cornwall. 

The Great Eastern and Great Northern Companies are 
also the principal carriers of turkeys, geese, fowls, and 
game; the quantity delivered in London by the former 
Company having been 5042 tons. In Christmas week no 
fewer than 30,000 turkeys and geese were delivered at the 
Bishopsgate Station, besides about 300 tons of poultry, 
10,000 barrels of beer, and immense quantities of fish, 
oysters, and other kinds of food. As much gs 1600 tons of 
poultry and game were brought last year by the South- 
Western Railway; 600 tons by the Great Northern 
Railway; and 130 tons of turkeys, geese, and fowls, by 
the London, Chatham and Dover line, principally from 
France. . 

Of miscellaneous articles, the Great Northern and the 
Midland each brought about 3000 tons of cheese, the 
Sonth-Western 2600 tons, and the London and North- 
Western 10,034 cheeses in number; while the South- 
Western and Brighton lines brought a splendid contribu- 
tion to the London breakfast-table ¢n the shape of 11,259 
tons of French eggs; these two Companies delivering 
between them an average of more than three millions of 
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eggs a week all the year round! The same Companies 
delivered in London 14,819 tons of butter, for the most 
part the produce of the farms of Normandy,—the greater 
cleanness and neatness with which the Normandy butter 
is prepared for market rendering it a favourite both with 
dealers and consumers of late years compared with Irish 
butter. The London, Chatham and Dover Company also 
brought from Calais 96 tons of eggs. 

Next, as to the potatoes, vegetables, and fruit, brought 
by rail. Forty years since, the inhabitants of London 
relied for their supply of vegetables on the garden-grounds 
in the immediate neighbourhood of the metropolis, and 
the consequence was that they were both very dear and 
limited in quantity. But railways, while they have ex- 
tended the grazing-grounds of London as far as the High- 
lands, have at the same time extended the garden-grounds 
of London into all the adjoining counties—into East Kent, 
Essex, Suffolk, and Norfolk, the vale of Gloucester, and 
even as far as Penzance in Cornwall. The London, 
Chatham and Dover, one of the youngest of our main 
lines, brought up from East Kent in 1867 5279 tons of 
potatoes, 1046 tons of vegetables, and 5386 tons of fruit, 
besides 542 tons of vegetables from France. The South- 
Eastern brought 25,163 tons of the same produce. The 
Great Eastern brought from the eastern counties 21,315 
tons of potatoes, and 3596 tons of vegetables and fruit; 
while the Great Northern brought no less than 78,505 tons 
of potatoes—a large part of them from the east of Scotland 
—and 3768 tons of vegetables and fruit. About 6000 
tons of early potatoes were brought from Cornwall, with 
about 5000 tons of brocoli, and the quantities are steadily 
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increasing. “Truly London hath a large belly,” said old 
Fuller, two hundred years since. But how much more 
capacious is it now ! 

One of the most striking illustrations of the utility of 
railways in contributing to the supply of wholesome 
articles of food to the population of large cities, is to be 
found in the rapid growth of the traffic in Milk. Readers 
of newspapers may remember the descriptions published 
some years since of the horrid dens in which London cows 
were penned, and of the odious compound sold by the 
name of milk, of which the least deleterious ingredient in 
it was supplied by the “cow with the iron tail.” That 
state of affairs is now completely changed. What with 
the greatly improved state of the London dairies and the 
better quality of the milk supplied by them, together with 
the large quantities brought by railway from a range of 
a hundred miles and more all round London, even the 
poorest classes in the metropolis are now enabled to obtain 
as wholesome a supply of the article as the inhabitants of 
most country towns. 

These great streams of food, which we have thus so 
summarily described, flow into London so continuously 
and uninterruptedly, that comparatively few persons are 
aware of the magnitude and importance of the process 
thus daily going forward. Though gathered from an 
immense extent of country—embracing England, Scotland, 
Wales, and Ireland—the influx is so unintermitted that it 
is relied upon with as much certainty as if it only came 
from the counties immediately adjcining London. The 
express meat-train from Aberdeen arrives in town as 
punctually as the Clapham omnibus, and the express milk- 
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train from Aylesbury is as regular in its delivery as the 
penny post. Indeed London now depends so much upon 
railways for its subsistence, that it may be said to be fed 
by them from day to.day, having never more than a few 
days’ food in stock. And the supply is so regular and 
continuous, that the possibility of its being interrupted 
never for a moment ocours to any one. Yet in these days 
of strikes amongst workmen, such a contingency is quite 
within the limits of possibility. Another contingency, 
which might arise during a state of war, is probably still 
more remote. But were it possible for a war to occur be- 
tween England and a combination of foreign powers pos- 
sessed of stronger ironclads than ours, and that they were 
able to ram our ships back into port and land an enemy 
of overpowering force on the Essex coast, it would be suffi- 
cient for them to occupy or cut the railways leading from 
the north, to starve London into submission in less than a 
fortnight. ? 

Besides supplying London with food, railways have 
also been instrumental in ensuring the more regular and 
economical supply of fuel,—a matter of almost as vital 
importance to the population in a climate such as that of 
England. So long as the market was supplied with coal 
brought by sea in sailing ships, fuel in winter often rose 
to a famine price, especially during long-continued easterly 
winds. But now that railways are in full work, the price 
is almost as steady in winter as in summer, and (but for 
strikes) the supply is more regular at all seasons. 

But the carriage of food and fuel to London forms but a 
small part of the merchandise traffic carried by railway. 
Above 600,000 tons of goods of various kinds yearly pass 
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through one station only, that of the London and North- 
Western Company, at Camden Town; and sometimes as 
many a8 20,000 parcels daily. Hvery other metropolitan 
station is similarly alive with trafficinwards and outwards, 
London having since the introduction of railways become 
more than ever a great distributive centre, to which 
merchandize of all kinds converges, and from which it is 
distributed to all parts of the country. Mr. Bazley, M.P., 
stated at a late public meeting at Manchester, that it 
would probably require ten millions of horses to convey 
by road the merchandise traffic which is now annually 
carried by railway. 

Railways have also proved of great value in connection 
with the Cheap Postage system. By their means it has 
become possible to carry letters, newspapers, books and 
post parcels, in any quantity, expeditiously, and cheaply. — 
The Liverpool and Manchester line was no sooner opened 
in 1830, than the Post Office authorities: recognised its 
utility, and used it for carrying the mails between the 
two towns. When the London and Birmingham line was 
opened eight years later, mail trains were at once put on, 
—the directors undertaking to perform the distance of 113 
miles within 5 hours by day and 54 hours by night. As 
additional lines were opened, the old four-horse mail 
coaches were gradually discontinued, until in 1858, the 
last of them, the “Derby Dilly,” which ran between 
Manchester and Derby, was taken off on the opening of 
the Midland line to Rowsley. 

The increased accommodation provided by railways | 
found of essential importance, more particularly after the 
adoption of the Cheap Postage system; and that such 
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accommodation was needed will be obvious from the axtra- 
ordinary increase which has taken place in the number 
of letters and packets sent by post. Thus, in 1839, the 
number of chargeable letters carried was only 76 millions, 
and of newspapers 444 millions; whereas, in 1865, the 
numbers of letters had increased to 720 millions, and in 
1867 to 775 millions, or more than ten-fold, while the 
number of newspapers, books, samples and patterns (a new 
branch of postal business began in 1864) had increased, in 
1865, to 984 millions. 

To accommodate this largely-increasing traffic, the bulk 
of which is carried by railway, the mileage run by mail 
trains in the United Kingdom has increased from 25,000 
miles a day in 1854 (the first year of which we have any 
return of the mileage run) to 60,000 miles a day in 1867, 
or an increase of 240 per cent. The Post Office expendi- 
ture on railway service has also increased, but not in like 
proportion, having been 364,000/. in the former year, and 
559,575l. in the latter, or an increase of 154 per cent. 
The revenue, gross and net, has increased still more 
rapidly. In 1841, the first complete year of the Cheap 
Postage system, the gross revenue was 1,359,466]. and 
the net revenue 500,7891; in 1854, the gross revenue was 
2,574,4071., and the net revenue 1,173,7231.; and in 1867, 
the gross revenue was 4,548,129/., and the net revenue 
2,127,1251., being an increase of 420 per cent. compared 
with 1841, and of 180 per cent. compared with 1854. 
How much of this net increase might fairly be credited to 
the Railway Postal service we shall not pretend to say; 
but assuredly the proportion must be very considerable. 

One of the great advantages of railways in connection 
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with the postal service is the greatly increased frequency 
of communication which they provide between all the large 
towns. Thus Liverpool has now six deliveries of Manchester 
letters daily; while every large town in the kingdom has 
two or more deliveries of London letters daily. In 1863, 
393 towns had two mails daily from London; 50 had three 
mails daily ; 7 had four mails a day from London, and 15 had 
four mails a day to London; while 3 towns had five mails 
a day from London, and 6 had five mails a day to London. 

Another feature of the railway mail train, as of the 
passenger train, is its capacity to carry any quantity of 
letters and post parcels that may require to be carried. 
In 1838, the aggregate weight of all the evening mails 
depatched from London by twenty-eight mail coaches 
was 4 tons 6 cwt., or an average of about 3} cwt. each, 
though the maximum contract weight was l5cwt. The 
mails now are necessarily much heavier, the number of 
letters and packets having, as we have geen, increased 
more than ten-fold since 1839. But it is not the ordinary 
so much as the extraordinary mails that are of consider- 
able weight,—more particularly the American, the Con- 
tinental, and the Australian mails. It 1s no unusual thing, 
we are informed, for the last-mentioned mail to weigh as 
much as 40 tons. How many of the old mail coaches it 
would take to carry such a mail the 79 miles’ journey to 
Southampton, with a relay of four horses every five or 
seven miles, is a problem for the arithmetician to solve. 
But even supposing each coach to be loaded to the 
maximum weight of 15 cwt. per coach, it would require 
about sixty vehicles and about 1700 horses to carry the 
40 tons, besides the coachman and guards. 
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Whatever may be said of the financial management 
of railways, there can be no doubt as to the great benefits 
conferred by them on the public wherever made. Even 
those railways which have exhibited the most “ frightful 
examples” of financing and jobbing, have been found to 
prove of unquestionable public convenience and utility. 
And notwithstanding all the faults and imperfections that 
have been alleged against railways, we think that they 
must, nevertheless, be recognised as by far the most 
valuable means of communication between men and nations 
that has yet been given to the world. 

The author's object in publishing this book in its original 
form, was to describe, in connection with the ‘Life of 
George Stephenson,’ the origin and progress of the railway 
system,—to show by what moral and material agencies 
its founders were enabled to carry their ideas into effect, 
and work out results which even then were of a remark- 
able character, though they have since, as above described, 
become so much more extraordinary. The favour with 
which successive editions of the book have been received, 
has justified the author in his anticipation that such a 
narrative would prove of general, if not of permanent 
interest. 

The book was written with the concurrence and assist- 
ance of Robert Stephenson, who also supplied the necessary 
particulars relating to himself. Such portions of these 
were accordingly embodied in the narrative as could with 
propriety be published during his lifetime, and the re- 
maining portions have since been added, with the object 
of rendering more complete the record of the son’s life, 
as well as of the early history of the Railway system. 


CONTENTS. 


CHAPTER 1. 


NEWCASTLE AND THE GREAT NoRTHERN Coat-FIe.ps. 


The colliery districts of the North — Newcastle-upon-Tyne in ancient 
times — The Roman settlement — Social insecurity in the Middle 
Ages — Northumberland roads — The coal-trade — Modern Newcastle 
— Coal haulage — Early waggon-roads, tram-roads, and railways — 
Machinery of coal-mines — Newcomen’s fire-engine — The colliers, 
their character and habits — Coal-staiths — The keelmen Page 1-11 


CHAPTER IL ° 


WrYLAM AND Dewey Burn — Georcae STEPHENSON’S EARLY 
Y EARS. 


Wylam Colliery and village — George Stephenson’s birth-place — His 
parents — The Stephenson family — Old Robert Stephenson — George's 
boyhood — Dewley Burn Colliery — Sister Nell’s bonnet — Employed 
as a herd-boy — Makes clay engines — Follows the plough — Em- 
ployed as corf-bitter — Drives the gin-horse— Black Callerton Col- 
liery — Love of animals — Made assistant-fireman — Old Robert and 
family shift their home — Jolly’s Close, Newburn — Family earnings 
—— George as fireman — His athletic feats —Throckley Bridge — 
“A made man for life!” — Appointed engineman — Studies his 
engine — Experiments in egg-hatching — Puts himself to school, and 
learns to read— His schoolmasters— Progress in arithmetic — His 
dog -— Learns to brake— Brakesman at Black Callerton — Duties 
of brakesman — Begins shoe-making — Fanny Henderson — Saves 
his first guinea — Fight with a pitman or dus vs 12-80 

Vv. ¢ 


XXXIV CONTEN''S. 


CHAPTER III. 


ENGINEMAN AT WILLINGTON Quay AND KILLINGWORTH. 


Sobriety and studiouyness — Inventiveness — Removes to Willington 
Quay — Marries Fanny Henderson — Their cottage at Willington — 
Attempts at perpetual motion — William Fairbairn and George Ste- 
phenson — Ballast-heaving — Chimney on fire, and clock-cleaning — 
Birth of Robert Stephenson — George removes to West Moor, Killing- 
worth — Death of his wife-— Engineman at Montrose, Scotland — 
His pump-boot — Saves money — His return to Killingworth — 
Brakesman at West Moor—JIs drawn for the Militia — Thinks of 
emigrating to America — Takes o contract for brakeing engines — 
Improves the winding-engine — Cures a pumping-engine — Becomes 
famous as an engine-doctor — ape engine-wright of a col- 
liery es wis . ‘ i i i ee 31-46 


CHAPTER IV. 


Tue Streppensons aT KILLINGwortH — EnucaTiION AND 
SELF-EDUCATION OF FATHER AND SON. 


George Stephenson’s self-improvement— John Wigham— Studies in 
Natural Philosophy — Sobriety — Education of Robert Stephenson — 
Sent to Ruttet’s school, Benton — Bruce’s school, Newcastle — 
Literary and Philosophical Institute — George educates his son in 
Mechanics — Ride to Killingworth — Robert’s boyish tricks — Repeats 
the Franklin kite-expei::uent — Stophenson’s cottage, West Moor — 
Odd mechanical expedients— Competition in last-making — Father 
and sou make a sun-dial — bana me — Stephenson’s 
mechanical expertness .. ; - 47-62 


CHAPTER V. 


Ear Ly Husrory or THE LocoMoTIvE — GEORGE STEPHENSON 
BEGINS ITS L[MPROVEMENT. 


Various expedients for coal-haulage — Sailing-waggons —Mr, Ed¢- 
worth’s experiments — Cugnot's first locomotive steam-carriage— 
Murdock’s model locomotive—'Trevithick’s steam-carriage and trame 
engine—Blenkinsop's engine—Chapman and Brunton's locomotives 
—The Wylain waggon-way—Mr. Blackett’s experiments—Jonathan 


CONTENTS. XXXV 


Foster — William Hedley — The Wylam engine — Stephenson: deter- 
mines to build a locomotive — Lord Ravensworth — The first Killing- 
worth engine described-— The steam-blast invented — Stephenson’s 
second locomotive és os ss - is 63-88 


CHAPTER VI. 


INVENTION oF THE “GEORDY ” SAFETY-LAMP. 


Krequency of colliery explosions— Accident in the Killingworth Pit 
— Stephenson’s heroic conduct — A safety-lamp described — Dr. 
Clanny’s lamp —Stephenson’s experiments on fire-damp — Designs 
a lamp, and tests it in the pit — Cottage experiments with coal-gas 
— Stephenson’s second and third lamps — The Stephenson and Davy 
vontroversy — Scene at the Newcastle Institute— The Davy testi- 
monial — The Stephenson testimoniel — Merits. of the * Geordy” 
lamp .. ee “a sis és ads si oe 89-108 


CHAPTER VII. 


GEORGE STEPHENSON’S FURTHER IMPROVEMENTS IN THE Loco- 
MOTIVE — TRE Hetron Rarmway— Rospert STEPHENSON 
4S VIEWER’s APPRENTICE AND STUDENT. 


The Killingworth mine machinery — Stephenson improves his loco- 
motive—- Strengthens the road --- His patent — His steam-springs — 
Experiments on friction — Steam-locomotion on common roads — 
Early neglect of the locomotive Stephenson again thinks of emi- 
gration — Constructs the Hetton Railway — The working power 
employed —- Robert Stephenson viewer's apprentice — His pursuits 
ut Killingworth — His father sends him to Edinburgh University — 
His application’ to the studies of Chemistry, Natural History, and 
Natural Philosophy — His MS. volumes of Lectures — Geological 
tour with Professor Jameson in the Highlands a 109-122 


CHAPTER VIII. 


Grorce STEPHENSON ENGINEER OF THE STOCKTON AND 
Darurnaton Raicway. 
The Bishop Auckland Coal-field— Edward Pease projects a railway 
from Witton to Stockton — The Bill rejected — The line re-surveyed, 
c Q 


¥XxvI CONTENTS. 


‘and the Act obtained — George Stephenson s visit to Edward Pease— 
Appointed engineer of the railway—Agnin surveys the line — Mr. 
Pease visits Killingworth— The Newcastle locomotive works pro- 
jected — ‘The railway constructed — Locomotives ordered — Stephen- 
son’s anticipstions as to railways — Public opening of the line — The 
coal traffic — The first railway passenger-coach — The coaching traffic 
described — The “ Locomotion” engine— Race with stage-coach — 
Commercial results of the Stockton and ener Railway — The 
town of Middlesborough created .. a 128-145 


CHAPTER IX, 


Tue LiverPooL AND MANCHESTER RAILWAY PROJECTED. 


Insufficient communications between Manchester and Liverpool — The 
canal monopoly — A tramroad projected — Joseph Sanders — Sir R. 
Phillip’s speculations as to railways — Thomas Gray — William James 
surveys a line between Liverpool and Manchester — Opposition to the 
survey — Mr. James's visits to Killingworth — Robert Stephenson 
assists in the survey — George Stephenson appointed engineer — The 
first prospectus — Stephenson’ s survey opposed— The canal com- 
panies — Speculations as to railway speed — Stephenson’s notions 
thought extravagant — Article in the ‘Quarterly’ —The Bill before 
Parliament — The Evidence — George Stephenson in the witness box 
—~ Examined as to speed — His crogss-examination — The survey found 
defective — Mr. Harrison's speech — Evidence of opposing engineers 
— Mr. Alderson’s speech — The Bill withdrawn — Stephenson’s vexa- 
tion— The scheme prosecuted -—The line re-surveyed—Sir Isaac 
Coffin’s speech — The Act passed .. Ss - Be 146-172 


CHAPTER X. 


(Hat Moss— ConsTRucrION OF THE LIVERPOOL AND 
MANCHESTER RAILWAY. 


George Stephenson appointed engineer— Chat Moss described — The 
resident engineers—- Mr. Dixon's visit of inspection — Stephenson's 
theory of a floating road — Operations begun — Tar-barrel drains — 
The embankment sinks in the Moss — Proposed abandonment of the 
work — Stephenson perseveres — The obstacles conquered — Road 


CONTENTS, XXxvii- 


across Parr Moss— The road formed — Stephenson's organization of 
labour — The Liverpool Tunnel — Olive Mount Cutting — Sankey 
Viaduct — Stephenson and Cropper —Stephenson’s labours — Pupil¢ 
and assistants — His oe life — Practical education — Evenings at 
home .. - r i - - 173-192 


CHAPTER XI. 


RoBERT STEPHENSON’s RESIDENCE IN COLOMBIA AND RETURN — 
Tae Batre OF THE LocomMoTIVE — THE “ RocKET.” 


Robert Stephenson mining engineer in Colombia— Mule journey to 
Bogota — Mariquita — Silver mining — Difficulties with the Cornish- 
men — His cottage at Santa Anna — Longs to return home — Resigns 
his post-—- Meeting with Trevithick— Voyage to New York, and 
shipwreck — Returns to Newcastle, and takes charge of the factory — 
The working power of the Liverpool and Manchester Railway — Fixed 
engines and locomotives, and their respective advocates — Walker and 
Rastrick’s report— A prize offered for the best locomotive — Con- 
ferences of the Stephensons— Boiler arrangements and heating sur- 
face —-Mr. Booth’s contrivance — Building of the “ Rocket” — The 
competition of engines at Rainhill—The “ Novelty ” and “ Sanspareil ”’ 
-— Triumph of the “ Rocket,” and its destination... ©... 193-220 


CHAPTER AIT. 


OPENING OF THE LaveRPooL AND MancuesTsr Raiiway, 
AND Extension oF THE RaiLway System. 


The railway finished — the traffic arrangements organized — Public 
opening of the line— Accident to Mr. Huskisson — Arrival of the 
trains at Manchester — The traffic results— Improvement of the road 
and rolling stock — Improvements in the locomotive — The railway a 
wonder — Extension of the railway system — Joint-stock railway com- 
panies —- New lines projected — New engineers — The Grand Junction 
—— Public opposition to railways — Robert Stephenson engineer to the 
Leicester and Swannington Railway — George Stephenson removes to 
Snibston — Sinks for and gets coal— Stimulates local enterprise — 
Lis liberality .. ss aid =i - at si 221: 236 


XXxVili CONTENTS, 


CHAPTER XIII. 


RoBERT STEPHENSON CONSTRUCTS THE LONDON AND 
BIRMINGHAM RAILWAY. 


The line projected — George and Robert Stephenson appointed engineers 
— Opposition — Hostile pamphlets and public meetings — Robert 
_ Btephenson and Sir Astley Cooper — The survey obstructed — The 
opposing clergyman— The Bill in Parliament— Thrown out in the 
Lords — Proprietors conciliated, and the Act obtained —— The works 
let in contracts— The difficulties of the undertaking — The line 
described — Blisworth Cutting — Primrose Hill Tunne] — Kilsby 
Tunnel —Its construction described — Cost of the Railway greatly 
mcreased — Failure of contractors — ee of the works — Rail- 
way navvies .. as a a . 337-252 


CHAPTER XIV. 


MANCHESTER AND LEEDS, AND Minptanp RaiLways —STE- 
PHENSON’S LIFE AT ALTON — Visit To BeLagium — GENERAL 
EXTENSION OF RAILWAYS AND THEIR RESULTS. 


Projection of new lines— Dutton Viaduct, Grand Junction — The Man- 
chester and Leeds—Summit Tunnel, Littleborough — Magnitude of 
the work — The Midland Railway——The works compared with the 
Simplon road — Slip near Ambergate — Bull Bridge — The York and 
North Midland—George Stephenson on his survcys— His quick 
observation — Travelling and correspondence — Life at Alton Grange 
— The Stephensons’ London office — Visits to Belgium — Interviews 
with the King — Public openings of English railways — Stephenson’s 
pupils and assistants — ie falsified oe railways — 
Their advantageous results . ie és ‘ bg 253-274 


CHAPTER XY. 


George STEPHENSON’s CoaL Mines — THe ATMOSPHERIC 
System — Rarpway Mania — Visits to BrLarum anp 
SPAIN. 

George Stephenson on railways and coal-traffic— Leases the Clay- 


cross estate, and sinks for coai-—— His extensive lime-works ~ 
Removes to Tapton House — British Association at Newcastle — 


‘ CONTEN'IS. XX XIX 


Appears at Mechanics’ Institutes — Speech at Weeds — His self. 
acting brake — His views of railway speed — Theory of “ undulating 
lines” —- Chester and Birkenhead Company — Stephenson's libe- 
rality — Atmospheric railways projected — Stephensor opposes the 
principle of working — The railway mania — Stephenson resists, and 
warns against it— George Hudson, “Railway King” — Parlia- 
ment and the mania — Stephenson's letter to Sir R. Peel — Again 

visits Belgium — Interviews with ce a coe — Journey into 
Spain .. zs di 275-300) 


CHAPTER XVI. 


Ropert STEPHENSON’S CAREER — THE STEPHENSONS AND Bru- 
NEL — East Coast Route to ScoTrtanpD — RoyvayL Borper 
Brinck, Berwick — Hich Levert Bripar, NEwcAsTLe. 


George Stephenson's retirement — Robert’s employment as Parlia- 
mentary Engineer — His rival Brunel — The Great Western Railway 
— The width of gauge — Robert Stephenson's caution as to invest- 
ments — The Newcastle and Berwick Railway — Contest in Parlia- 
ment — George Stephenson’s interview with Lord Howick — Royal 
Border Bridge, Berwick — Progress of iron-bridge building — Robert 
Stephenson constructs the High Level Bridge, Newcastle — Pile- 
driving by steam — Characteristics of the structure — Through rail- 
way to Scotland completed a ba - be 301-219 


CHAPTER XVII. 


Rospert SrepHenson’s TusutarR Bripces at MENaI AND 
Conway. 


George Stephenson surveys a line from Chester to Holyhead — Robert 
Stephenson’s construction of the works at Penmaen Mawr — Crossing 
of the Menai Strait — Various plans proposed — A tubular beam 
determined on — Strength of wrought-iron tubes — Mr. William 

. Fairbairn consulted — His experiments — The design settled — The 
Britannia Bridge described — The Conway Bridge — Floating of the 
tubes — Lifting of the tubes — Robert Stepbenson’s anxieties — Burst- 
ing of the Hydraulic Press— The works uae — Merits of the 
Britannia and Conwaw Bridges... 55 320-340 


x] 


CONTENTS. 


CHAPTER XVIIL 


GroraEe SrepHenson’s CrLosing YEARS — ILLNESS AND 
DEATH. 


George Stephenson's Life at Tapton — Experiments in Horticulture, 


Gardening, and Farming — Affection for animals — Bird-hatching and 
bee-keeping — Reading and conversation —- Rencontre with Lord 
Denman — Hospitality at Tapton — Experiments with the microscope 
— Frolics —“ A crowdie night” — Visits to London — Visit to Sir 
Robert Peel at Drayton Manor — Encounter with Dr. Buckland — 
Coal formed by the sun’s light — Opening of the Trent Valley Rail- 
way — Meeting with Emerson — Illness, death, and funeral — 
Memorial Statues .. “s ee és a3 Me 841-356 


CHAPTER XIX, 


Rospert STEPHENSON’s Vicroria Bripvcr, Lower Canana — 


ILLNESS AND DEATH — STEPHENSON CHARACTERISTICS. 


Robert Stephenson’s inheritances — Gradual retirement from the pro- 


fession of engineer — His last great works— Tubular Bridges over 
the St. Lawrence and the Nile The Grand Trunk Railway, Canada 
— Necessity for a great railway bridge near Montreal — Discussion as 
to the plan — Robert Stephenson’s report — A tubular bridge deter- 
mined on — Massiveness of the piers — Ice-floods in the St. Lawrence 
~— Victoria Bridge constructed and completed — Tubular bridges in 


- Egypt — The Suez Canal — Robert Stephenson’s employment ae 


arbitrator — Assists Brunel at launching of the “Great Eastern °— 
Regardiessness of health — Death and Funcral — Characteristics of the 
Stephensons and resumé of their history — Politics of father and son 
— Services rendered to civilization by the Stephensons .. 357-38 


InpEx ee 22 we bs a aa Si ea 381 


LIST OF FLLUSTRATIONS. 


Portrait of George Stephenson. to face 
title page. 

High Level Bridge, to face .. 

Map of Newcastle District .. 

Flange rail... .. . fe et a 

Coal-staith on the Tyne ose 

Wal waggons .. .. : 

Wylam Colliery and village, . _ 

High Street House, Wylam— Genre 
Stephenson's birthplace 

Newburn on the Tyne .. 

Colliery Whimsey .. .. 

Stephenson’s Cottage, Willington Quy 

West Moor Colliery. . : 

Killingworth High Pit . 

Glebe Farm House, Benton . es 

Rutter’s School House, Long Benton, . 

Bruce's School, Newcastle .. 

Stephenson’s Cottage, West Moor 

Sun-dial at Killingworth .. .. 

Colliers’ Cottages at Long Benton 

Cugnot’s Engine .. 

Section of Murdock's “Model Loco- 

motive.. .. 
gs high-pressure Tram-En- 


fpiored Wylam Engine asd “etal: late 
Spur-gear .. .. ist es 
The Pit-head, West Moor i es 
Davy’s and Stephenson's Safety-lamps 
West Moor Pit, Killingworth 
Half-lap joint .. wit : 
Old Killingworth Locomotive - 
Map of Stockton and pipes Rail- 
way.. .. ; : 
Portrait of Edward Pease 
The first Railway Coach .. .. 
The No. J. Engine at Darlington 
Middlesborough-on-Tees .. .. 
Map of Liverpool and Manchester 
Railway .. .. (Western part) 
‘3 (Eastern part) 
Surveying on Chat Moss , 
Ulive Mount Cutting .. 


PAGE 


66 


70 
78 
83 
91 
101 
108 
111 
113 


123 
124 
139 
142 
145 


150 
151 
173 
184 


PAQE 


| Sankey Viaduct .... 186 
' Robert Stephenson's Cottage at Santa 
Anna ..... ae Sit Gee 198 
The “ Rocket” Mae se 212 
Locomotive competition, Rainhill 218 
Railway versus Road .. .. ., 220 
Map of Leicester and Swannington 
Railway .. 233 
Stephenson’s House at Alton Grange. . 236 
Portrait of Robert Stephenson, to face 237 
Map of London and Birmingham 
Railway (Rugby to pois, se we 242 
Blisworth Cutting .. .. .. .. .. 243 
Shafts over Kilsby Tunnel . 246 
Dutton Viaduct se Te 254 
Entrance to Summit ‘Tunnel, Lanca- 
shire and Yorkshire Railway .. .. 256 
Land-slip, near oo N orth 
Midland Railway... .. . .. 259 
Bullbridge, near Ambergate | -. 260 
Coalville and Snibston Colliery .. 274 
Tapton House, near Chesterfield. . 275 
J.ime-works at Ambergate .. .. 278 
Newcastle, from the High Level 
Bridge in 301 
Royal Border Bridge, Berwickupon- 
Tweed .. .. 311 
High Level Bridge—Elevation of one 
APCD. 6 ak se es . «. 318 
Penmaen Mawr... .. 822 
Map of Menai Straits .. 326 
Conway Tubular Bridge . 334 
Britannia Bridge .. . 339 
Conway Bridge—Floating “the ‘first 
Tube.. .. ss 340 
View in Tapton Gardens . 34 
Pathway to Tapton House . w. BHT 
Trinity Church, Chesterfield .. .. 355 
Tablet in Trinity Church, Chesterfleld 356 
The Victoria Bridge, Montreal... .. 357 
Robert Stephenson’s Burial-place in 
Westminster Abbey .. . 369 
The Stephenson Memovial Schools 
Willington Quay... .. .. «. 330 


agar, 
Seg F 


$ 


e 


aga * 





ace 
rn 1 Ld ae OA, 


yy a 
* He 


elle RAIS ceo tee 
ee paar i 


) 
| Ae bed 
wat! 


a¢ t “, aeume | ! 
aay ‘ meee 


ier 
sof 
nei anT ow” 
v 


re Gulia” 


ts wo; f 





4" - pai 3K lant BS gt eek 
: eee cas a 
4 y 47 * a le . ot ” { *. 


a “7 eg é ' 


N&WOASTLE-UPON-TYNE AXD THE Hicuo LeveL Baier. 


{By 8. P. Leitch, after his original drawing.) 





nt 














ee ew 


—_- ne ae ee 


Oe ee 


Tei ate Load 


LIFE 


OF 


GEORGE STEPHENSON, &e. 


CHAPTER 1. 


NEWOASTLE AND THE Great NortHern Coau-Fiecp. 


In no quarter of England have greater changes been 
wrought by the successive advances made in the practical 
science of engineering than in the extensive colliery districts 
of the North, of which Newcastle-upon-Tyne is the centre 
and the capital. 

In ancient times the Romans planted a colony at New- 
castle, throwing a bridge across the Tyne near the site of 
the low-level bridge shown in the prefixed engraving, and 
erecting a strong fortification above it on the high ground 
now occupied by the Central Railway Station. North and 
north-west lay a wild country, abounding in moors, moun- 
tains, and morasses, but occupied to a certain extent by 
fierce and barbarous tribes. T'o defend the young colony 
against their ravages, a strong wall was built by the 
Romans, extending from Wallsend on the north bank of the 
Tyne, a few miles below Newcastle, across the country to 
Burgh-upon-Sands on the Solway Frith. The remains of 
the wall are still to be traced in the less populous hill- 
districts of Northumberland. In the neighbourhood of 
Newcastle they have been gradually effaced by the works of 
succeeding generations, though the “ Wallsend” coal con- 
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Map of Newcastle District. 


sumed im our houschold fires still serves to remind us of the 
great Roman work. 

After the withdrawal of the Romans, Northumbria became 
planted by unmigrant Saxons from North Germany and 
Norsemen from Scandinavia, whose Eorls or Earls made 
Newcastle their principal seat. Then came the Normans, 
from whose New Castle, built some eight hundred years 
since, the town derived its present name. The keep of this 
venerable structure, black with age and smoke, still stands 
entire at the northern end of the noble high-level bidge— 
the utilitarian work of modern times thus confronting the 
warlike relic of the older civilisation. 

The nearness of Newcastle to the Scotch Border was a 
great hindrance to its security and progress in the middle 
ages of English history. Indeed, the district between it 
and Berwick continued to be ravaged by moss-troopers long 
after the union of the Crowns. The gentry lved in their 
strong Peel castles ; even the larger farm-houses were forti- 
fied; and bloodhounds were trained for the purpose of 
tracking the cattle-reavers to their retreats in the hills. 
The Judges of Assize rode from Carlisle to Newcastle 
guarded by an escort armed to the teeth. A tribute called 
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“dagger and protection money” was annually paid by the 
Sheriff of Newcastle for the purpose of providing daggers 
and other weapons for the escort; and, though the need of 
such protection has long since ceased, the tribute continues 
to be paid in broad gold pieces of the time of Charles the 
First. 

Until about the middle of last century the roads across 
Northumberland were little better than horse-tracks, and 
not many years since the primitive agricultural cart with 
solid wooden wheels was almost as common in the western 
parts of the county as it is in Spain now. The tract of 
the old Roman road continued to be the most practicable 
route between Newcastle and Carlisle, the traffic between 
the two towns having been carned along it upon pack- 
horses until a comparatively recent period. 

Since that time great changes have taken place on the 
Tyne. When wood for firing became scarce and dear, and 
the forests of the South of England were found inadequate 
to supply the increasing demand for fucl, attention was 
turned to the rich stores of coal lying underground in the 
neighbourhood of Newcastle and Durham. It then became 
an article of increasing export, and “scacoal” fires gradually 
supplanted those of wood. Hence an old writer described 
Newcastle as “the Eye of the North, and the Hearth that 
warmeth the South parts of this knmgdom with Fire.” Fuel 
has become the staple product of the district, the quantity 
exported increasing from year to year, until the coal raised 
from these northern mines amounts to upwards of sixtcen 
millions of tons a year, of which not less than nine millions 
are annually conveyed away by sea. 

Newcastle has in the incan time spread in all directions 
far beyond its ancient boundaries. From a walled medieval 
town of monks and merchants, it has been converted into a 
busy centro of commerce and manufactures inhabited by 
nearly 100,000 people. It is no longer a Border fortress— 
a “shield and defonce against the invasions and frequent 
insults of the Scots,” as described in ancient charters—but 
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a busy centre of peaceful industry, and the outlet for a vast 
amount of steam-power, which is exported in the form of 
coal to all parts of the world. Newcastle is in many 
respects a town of singular and curious interest, especially 
in its older parts, which are full of crooked lanes and nar- 
row streets, wynds, and chares,* formed by tall, antique 
houses, rising tier above tier along the steep northern bank 
of the Tyne, as the similarly precipitous streets ot Gates- 
head crowd the opposite shore. 

All over the coal region, which extends from the Coquet 
to the Tees, about fifty miles from north to south, the sur- 
face of the soil exhibits the signs of extensive underground 
workings. As you pass through the country at night, the 
earth looks as if it were bursting with fire at many points; 
the blaze of coke-ovens, iron-furnaces, and coal-heaps red- 
dening the sky to such a distance that the horizon seems 
to be a glowing belt of fire. 

From the necessity which existed for facilitating the 
transport of coals from the pits to the shipping places, it 
is easy to understand how the railway and the locomotive 
should have first found their home in such a district as we 
have thus briefly described. At an early period the coal 
was carried to the boats in panniers, or in sacks upon 
horses’ backs. Then carts were used, to facilitate the pro- 
gress of which tramways of flag-stone were laid down. 
This led to the enlargement of the vehicle, which became 
known as a waggon, and it was mounted on four wheels 
instead of two. A local writer about the middle of the 
seventeenth century says, “Many thousand people are 
engaged in this trade of coals; many live by working of 


“In the Newcastle dialect, a jury not to pay any regard to the 
chare is a narrow street or lane. man’s evidence, as he must be in- 
At the local assizes some years sane. A little explanation by the 
since, one of the witnesses in a foreman, however, satisfied his lord- 
criminal trial swore that “he saw ship that the original statement was 
three men come out of the foot of a correct. 
chare.” The judge cautioned the 
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them in the pits; and many live by conveying them in 
waggons and wains to the river Tyne.” 

Still further to facilitate the haulage of the waggons, 
pieces of planking were laid parallel upon wooden sleepers, 
or imbedded in the ordinary track, by which friction war 
still further diminished. It is said that these wooden rails 
were first employed by one Beaumont, about 1630; and on 
a road thus laid, a single horse was capable of drawing a 
large loaded waggon from the coal-pit to the shipping 
staith. Roger North, in 1676, found the practice had become 
extensively adopted, and he speaks of the large sums then 
paid for way-leaves; that is, the permission granted by the 
owners of lands lying between the coal-pit and the river-side 
to lay down a tramway between the one and the other. A 
century later, Arthur Young observed that not only had 
these roads become greatly multiplied, but important works 
had been constructed to carry them along upon the same 
level. ‘The coal-waggon roads from the pits to the water,” 
he says, “are great works, carried over all sorts of inequali- 
ties of ground, so far as the distance of nine or ten miles. 
The tracks of the wheels are marked with pieces of wood 
let into the road for the wheels of the waggons to run on, by 
which one horse is enabled to draw, and that with ease, 
fifty or sixty bushels of coals.’* 

Similar waggon-roads were laid down in the coal dis- 
tricts of Wales, Cumberland, and Scotland. At the time 
of the Scotch rebellion in 1745, a tramroad existed between 
the Tranent coal-pits and the small harbour of Cockenzie in 
Kast Lothian; and a portion of the line was selected by 
General Cope as a position for his cannon at the battle of 
Prestonpans. 

In these rude wooden tracks we find the germ of the 
modern railroad. Improvements were gradually made in 
them. Thus, at some collieries, thin plates of iron were 
nailed upon their upper surface, for the purpose of protect- 


‘Six Months’ Tour,’ vol, ili. 9. 


6 THE FIRST RAILROADS. Cuap, I, 


ing the parts most exposed to friction. Cast-iron rails 
were also tried, the wooden rails having been found 
liable to rot. The first rails of this kind aro supposed 
to have been used at Whitchaven as early as 1738. This 
cast-iron road was denominated a “plate-way,” from the 
plate-like form in which the rails were cast. In 1767, as 
appears from the books of the Coalbrookdale Iron Works, 
in Shropshire, five or six tons of rails were cast, as an ex- 
periment, on the suggestion of Mr. Reynolds, one of the 
partners; and they were shortly after laid down to form 
a road. 

In 1776, a cast-iron tramway, nailed to wooden sleepers, 
was laid down at the Duke of Norfolk’s colliery near 
Sheffield. The person who designed and constructed this 
coal line was Mr. John Curr, whose son has erroneously 
claimed for him the invention of the cast-iron railway. He 
certainly adopted it early, and thereby met the fate of men 
before their age; for his plan was 
opposed’ by the labouring peuple of 
the colliery, who got up a riot in 
which they tore up the road and 
burnt the coal-staith, whilst Mr. 
Curr fled into a neighbouring wood 
for concealment, and lay there perdu 
for three days and nights, to escape 
the fury of the populace. Tho plates 
sigee, - 1 Of these early tramways had a ledge 

“ east on their edge to guide the wheel 
Se : along the road, after the manner 

Teens, ome" shown in the annexed cut. 

In 1789, Mr. William Jessop constructed a railway at 
Loughborough, in Leicestershire, and there introduced the 
cast-iron edge-rail, with flanches cast upon the tire of the 
waggon-wheels to keep them on the track, instead of having: 
the margin or flanch cast upon the rail itself; and this plan 
was shortly after adopted in other places. In 1800, Mr. 
Benjamin Outram, of Little Eaton, in Derbyshire (father of 
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the distinguished General Outram), used stone props instead 
of timber for supporting the ends or joinings of the rai!s. 
Thus the use of railroads, in various forms, gradually 
extended, until they were found in general use all over the 
mining districts. 

Such was the growth of the railway, which, it will be 
observed, originated in necessity, and was modified accord- 
ing to experience; progress in this, as in all departments of 
mechanics, having been effected by the exertions of many 
men, one generation entering upon the labours of that 
which preceded it, and carrying them onward to further 
stages of improvement. We shall afterwards find that the 
invention of the locomotive was made by like successive 
steps. It was not the invention of one man, but of a 
succession of men, each working at the proper hour, and 
according to the needs of that hour; one inventor inter- 
preting only the first word of the problem which his suc- 
cessors were to solve after long and laborious efforts and 
experiments. “The locomotive is not the invention of one 
man,” said Robert Stephenson at Newcastle, “but of a 
nation of mechanical engineers.” 

The same circumstances which led to the rapid extension 
of railways in the coal districts of the north tended to 
direct the attention of the mining engineers to the early 
development of the powers of the steam-engine as a useful 
instrument of motive power. The necessity which existed 
for a more effective method of hauling the coals from the 
pits to the shipping places was constantly present to many 
minds; and the daily pursuits of a large class of mechanics 
occupied in the management of steam power, by which the. 
coal was raised from the pits, and the mines were pumped 
clear of water, had the effect of directing their attention to 
the same agency as the best means for accomplishing that 
object. 

Among the upper-ground workmen employed at the coal- 
pits, the principal are the firemen, enginemen, and brakes- 
men, who fire and work the engines, and superintend the 
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machinery by means of which the collieries are worked. 
Previous to the introduction of the steam-engine the usual 
machine employed for the purpose was what is called a 
“gin.” The gin consists of a large drum placed horizon- 
tally, round which ropes attached to buckets and corves are 
wound, which are thus drawn up or sent down the shafts 
by a horse travelling in a circular track or “gin race.” 
This method was employed for drawing up both coals and 
water, and it is still used for the same purpose in small 
collieries; but where the quantity of water to be raised is 
great, pumps worked by steam power are called into requi- 
sition. 

Newcomen’s atmospheric engine was first made use of to 
work the pumps ; and it continued to be so employed long 
after the more powerful and economical condensing engine 
of Watt had been invented. In the Newcomen or “ fire 
engine,” as it was called, the power is produced by the 
pressure of the atmosphere forcing down tho piston in the 
cylinder, on a vacuum being produced within it by condensa- 
tion of the contained steam by means of cold water injection. 
The piston-rod is attached to one end of a lever, whilst 
the pump-rod works in connexion with the other,—the 
hydraulic action employed to raise the water being exactly 
similar to that of a common sucking-pump. 

The working of a Newcomen engine was a clumsy and 
apparently a very painful process, accompanied by an extra- 
ordinary amount of wheezing, sighing, creaking, and bump- 
ing When the pump descended, there was heard a plunge, 
a heavy sigh, and a loud bump: then, as it rose, and the 
sucker began to act, there was heard a creak, a wheeze, 
another bump, and then a strong rush of water as it was 
lifted and poured out. Where engines of a more powerful 
and improved description are used, the quantity of water 
raised is enormous—as much as a million and a half 
gallons in the twenty-four hours. 

The pitmen, or “the lads belaw,” who work out the coal 
below ground, are a peculiar class, quite distinct from 
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the workmen on the surface. They are a people with 
peculiar habits, manners, and character, as much as 
fishermen and sailors, to whom, indeed, they bear, in some 
respects, a considerable resemblance. Some fifty years 
since they were a much rougher and worse educated class 
than they are now; hard workers, but very wild and 
uncouth ; much given to “steeks,” or strikes; and distin- 
guished, in their hours of leisure and on pay-nights, for 
their love of cock-fighting, dog-fighting, hard drinking, and 
cuddy races. The pay-night was a fortnightly saturnalia, 
in which the pitman’s character was fully brought out, 
especially when the “yel” was good. Though earning 
much higher wages than the ordinary labouring population 
of the upper soil, the latter did not mix nor intermarry with 
them; so that they were left to form their own communi- 
ties, and hence their marked peculiarities asa class. Indeed, 
a sort of traditional disrepute scems long to have clung to 
the pitmen, arising perhaps from the nature of their 
employment, and from the circumstance that the colliers 
were among the last classes enfranchised in England, as 
they were certainly the last in Scotland, where they con- 
tinued bondmen down to the end of last century. The last 
thirty years, however, have worked a great improvement 
in the moral condition of the Northumbrian pitmen; the 
abolition of the twelve months’ bond to the mine, and the 
substitution of a month’s notice previous to leaving, having 
given them greater freedom and opportunity for obtaining 
employment ; and day-schools and Sunday-schools, together 
with the important influences of railways, have brought 
them fully up to a level with the other classes of the 
labouring population. 

The coals, when raised from the pits, are emptied intc the 
waggons placed alongside, from whence they are sent along 
the rails to the staiths erected by the river-side, the waggons 
sometimes descending by their own gravity along inclined 
planes, the wagguner standing behind to check the speed by 
means of a convoy or wooden brake bearing upon the rims 
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of the wheels. Arrived at the staiths, the waggons are 
emptied at once into the ships waiting alongsido for cargo. 
Any one who has sailed down the Tyne from Newcastle 
Bridge cannot but have been struck with the appearanoe of 
the immense staiths, constructed of timber, which are 
erected at short distances from each other on both sides of 


the river. 
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But a great deal of the coal shipped from the Tyne comes 
from above-bridge, where sea-going craft cannot reach, and 
is floated down the river in “keels,” in which the coals are 
sometimes piled up according to convenience when large, or, 
when the coal is small or tender, it is conveyed in tubs to 
prevent breakage. These keels are of a very ancient 
model,—perhaps the oldest extant in England: they are 
even said to be of the same build as those in which the 
Norsemen navigated the Tyne centuries ago. The keel isa 
tubby, grimy-looking craft, rounded fure and aft, with a 
single large square sail, which the keel-bullics, as the 
Tyne watermen are called, manage with great dexterity; 
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the vessel being guided by the aid of tho “swape,” or 
great oar, which is used as a kind of rudder at the stern of 
the vessel. These keelmen are an exceedingly hardy class 
of workmen, not by any means so quarrelsome as their 
designation of “bully” would imply—the word bemg 
merely derived from the obsolete term “ boolie,” or beloved, 
an appellation still in familiar use amongst brother workers 
in the coal districts. One of the most curious sights upon 
the Tyne is the fleet of hundreds of these black-sailed, 
black-hulled keels, bringing down at each tide their black 
cargoes for the ships at anchor in the deep water at Shields 
and other parts of the river below Newcastle. 

These preliminary observations will perhaps be sufficient 
to explain the meaning of many of the occupations alluded 
to, and the phrases employed, in the course of the following 
narrative, some of which might otherwise have been com- 
paratively unintelligible to the general reader. 





Coal Waggons. 
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Wylam Colliery and Village. 


CHAPTER II. 


Wryiam anp DewLey Burn —(Geroror Sterpenson’s Earry 
YEARS. 


THE collicry village of Wylam is situated on the north 
bank of the Tyne, about eight miles west of Newcastle. 
The Newcastle and Carlisle railway runs along the opposite 
bank; and the traveller by that line sces the usual signs of 
a colliery in the unsightly pumping-engines surrounded by 
heaps of ashes, coal-dust, and slag; whilst a neighbouring 
iron-furnace in full blast throws out dense smoke and loud 


Ouap. II. WYLAM., 13 


jets of steam by day and lurid flames at night. These 
works form the nucleus of the village, which is almost 
entirely occupied by coal-miners and iron-furnacemen. The 
place is remarkable for its large population, but not for its 
cleanness or neatness as a village; the houses, as in most 
colliery villages, being the property of the owners or 
lessees, who employ them i: temporarily accommodating 
the workpeople, against whose earnings there is a weekly 
set-off for house and coals. About the end of last century 
the estate of which Wylam forms part, belonged to Mr. 
Blackett, a gentleman of considerable celebrity in coal- 
mining, then more generally known as the proprietor of the 
‘Globe’ newspaper. 

There is nothing to interest one in the village itself. 
But a few hundred yards from its eastern extremity stands 
‘ humble detached dwelling, which will be interesting to 
many as the birthplace of one of the most remarkable men 
of our times—George Stephenson, the Railway Engineer. 
It is a common two-storied, red-tiled, rubble house, por- 
tioned off into four labourers’ apartments. It is known by 
the name of High Street House, and was originally so called 
because it stands by the side of what used to be the old 
riding post road or street between Newcastle and Hexham, 
along which the post was carried on horseback within the 
memory of persons living. 

The lower room in the west end of this house was the 
home of the Stephenson family; and there George Stephen- 
son was born, the second of a family of six children, on the 
3th of June, 1781. The apartment is now, what it was 
then, an ordinary labourer’s dwelling,—its walls are un- 
plastered, its floor is of clay, and the bare rafters are 
exposed overhead. 

Robert Stephenson, or “Old Bob,” as the neighbours 
familiarly called him, and his wife Mabel, were a respectable 
couple, careful and hard-working. I+ is said that Robert 
Stephenson’s father was a Scotchman, and came into 
England as a gentleman’s servant. Mabel, his wife, was 
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Iligh-street House, Wylam, the Birthplace of George Stephenson. 


the daughter of Robert Carr, a dyer at Ovingham. When 
first married, they ved at Walbottle, a village situated 
between Wylam and Newcastle, afterwards removing to 
Wylam, where Robert was employed as fireman of the old 
pumping engine at that colliery. 

An old Wylam collier, who remembered George 
Stephenson’s father, thus described him :— “ Geordie’s 
fayther war like a peer o’ deals nailed thegither, an’ a 
bit 0’ flesh i’ th’ inside; he war as queer as Dick’s hatband 
—went thrice about, an’ wudn’t tie. Tis wife, Mabel war 
a delicat’ boddie, an’ varry flighty. Thay war an honest 
family, but sair hadden doon 7’ th’ world.” Indeed, the 
carnings of vld Robert did not amount to more than twelve 
shillings a week ; and, as there were six children to main- 
tain, the family, during their stay at Wylam, were neces- 
sarily in very straitened circumstances. The father’s wages 
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being barely sufficient, even with the most rigid economy, 
for the sustenance of the household, there was little to 
spare for clothing, and nothing for education, so none of 
the children were sent to school. 

Old Robert was a general favourite in the village, espe- 
cially amongst the children, whom he was accustomed to 
draw about him whilst tending the engine-fire, and feast 
their young imaginations with tales of Sinbad the Sailor 
and Robinson Crusoe, besides others of his own invention; 
so that “ Bob’s engine-fire” came to be the most popular 
resort in the village. Another feature in his character. by 
which he was long remembered, was his affection for birds 
and animals; and he had many tame favourites of both 
sorts, which were as fond of resorting to his enginc-fire as 
the boys and girls themselves. In the winter time he had 
usually a flock of tame robins about him; and they would 
come hopping familiarly to his feet to pick up the crumbs 
which he had saved for them out of his humble dinner. 
At his cottage he was rarely without one or more tame 
blackbirds, which flew about the house, or in and out at 
the door. In summer-time he would go a-birdnesting with 
his children ; and one day he took his little son George to 
see a blackbird’s nest for the first time. Holding him up 
in his arins, he let the wondering boy peep down, through 
the branches held aside for the purpose, into a nest full of 
young birds—a sight which the boy never forgot, but used 
to speak of with delight to his intimate friends when he 
himself had grown an old man. 

The boy George led the ordinary life of working-people’s 
children. He played about the doors; went birdnesting 
when he could; and ran errands to the village. He was 
also an eager listener, with the other children, to his 
father’s curious tales; and he carly imbibed from him 
that affection for birds and animals which continued 
throughout his life. In course of time he was promoted to 
the office of carrying his father’s dinner to him while at 
work, and it was on such occasions his great delight to see 


16 THE BOY GEORGE. Cup. IL. 


the robins fed. At home he helped to nurse, and that with 
a careful hand, his younger brothers and sisters. One of 
his duties was to see that the other children were kept out 
of the way of the chaldron waggons, which were then 
dragged by horses along the wooden tramroad immediately 
in front of the cottage-door. This waggon-way was the 
first in the northern district on which the experiment of a 
locomotive engine was tried. But at the time of which we 
speak, the locomotive had scarcely been dreamt of in 
England as a practicable working power; horses only were 
used to haul the coal; and one of the first sights with 
which the boy was familiar was the coal-waggons dragged 
by them along the wooden railway at Wylam. 

Thus eight years passed; after which, the coal having 
been worked out, the old engine, which had grown “ dismal 
to look at,” as one of the workmen described it, was pulled 
down ; and then Robert, having obtained employment as a 
fireman at the Dewley Burn Colliery, removed with his 
family to that place. Dewley Burn, at this day, consists of 
a few old-fashioned low-roofed cottages standing on either 
side of a babbling little stream. They are connected by a 
rustic wooden bridge, which spans the rift in front of the 
doors. In the central one-roomed cottage of this group, on 
the right bank, Robert Stephenson lived for a time with 
his family; the pit at which he worked standing in the 
rear of the cottages. 

Young though he was, George was now of an age to be 
able to contribute something towards the family main- 
tenance; for in a poor man’s house, every child is a burden 
until his little hands can be turned to profitable account. 
That the boy was shrewd and active, and possessed of a 
ready mother wit, will be evident enough from the follow- 
ing incident. One day his sister Nell went into Newcastle 
to buy a bonnet; and Geordie went with her “for com- 
pany.” Ata draper’s shop in the Bigg Market, Nell found 
a “chip” quite to her mind, but on pricing it, alas! it was 
found to be fifteen pence beyond her means, and she left 
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the shop very much disappointed. But Geordie said, 
“ Never heed, Nell; see if I canna win siller enough to buy 

. the bonnet; stand ye there, till I come back.” Away ran 
the boy and disappeared amidst the throng of the market, 
leaving the girl to wait his return. Long and long she 
waited, until it grew dusk, and the market people had 
nearly all left. She had begun to despair, and fears crossed 
her mind that Geordie must have been run over and killed ; 
when at last up he came running, almost breathless. “I've 
gotten the siller for the bonnet, Nell!” cried he. “ Eh, 
Geordie!” she said, “ but hoo hae ye gotten it?” “ Haudin 
the gentlemen's horses!” was the exultant reply. The 
bonnet was forthwith bought, and the two returned to 
Dewley happy. 

George's first regular employment was of a very humble 
sort. A widow, namcd Grace Ainslie, then occupied the 
neighbouring farmhouse of Dewley. She kept a number of 
cows, and had the privilege of grazing them along the 
waggon-road. She nceded a boy to herd the cows, to keep 
them out of the way of the waggons, and prevent their 
straying or trespassing on the neighbours’ “ liberties ;” the 
boy’s duty was also to bar the gates at night after all the 
waggons. had passed. George petitioned for this post, and, 
to his great joy, he was appointed at the wage of twopence 
a day. 

It was light employment, and he had plenty of spare 
time on his hands, which he spent in birdnesting, making 
whistles out of reeds and scrannel straws, and erecting 
Lilliputian mills in the little water-streams that ran into 
the Dewley bog. But his favourite amusement at this 
early age was erecting clay engines in conjunction with his 
chosen playmate, Bill Thirlwall. The place is still pointed 
out where the future engineers made their first essays in 
modelling. The buys found the clay for their engines in 
the adjoining bog, and the hemlocks which grew about 
supplied them with imaginary steam-pipes. They even 
proceeded to make s miniature winding-machine in con- 

Vv. Cc 
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nexion with their engine, and the apparatus was erectec 
upon a bench in front of the Thirlwalls’ cottage. The 
corves were made out of hollowed corks; the ropes were 
supplied by twine; and a few bits of wood gleaned from 
the refuse of the carpenter’s shop completed their materials. 
With this apparatus the boys made a show of sending the 
corves down the pit and drawing them up again, much tuo 
the marvel of the pitmen. But some mischievous person 
about the place seized the opportunity early one morning 
of smashing the fragile machinery, much to the grief of the 
young engineers. 

As Stephenson grew older and abler to work, he was set 
tc lead the horses when ploughing, though scarce big 
enough to stride across the furrows; and he used after- 
wards to say that he rode to his work in the mornings at 
an hour when most other children of his age were asleep in 
their beds. He was also employed to hoe turnips, and do 
similar farm-work, for which he was paid the advanced 
wage of fourpence a day. But his highest ambition was to 
be taken on at the colliery where his father worked ; and 
he shortly joined his elder brother James there as a “ corf- 
bitter,” or “picker,” to clear the coal of stones, bats, and 
dross. His wages were then advanced to sixpence a day, 
and afterwards to eightpence when he was set to drive the 
vin- horse. 

Shortly afler, George went to Black Callerton to drive 
the gin there; and as that colliery lies about two miles 
across the fields from Dewley Burn, he walked that dis- 
tance early in the morning to his work, returning home 
late in the evening. One of the old residents at Black 
Callerton, who remembered him at that time, described 
him to the author as “a grit growing lad, with bare legs 
an’ feet ;” adding that he was “ very quick-witted and full 
of fun and tricks: indeed, there was nothing under the sun 
but he tried to imitate.” He was usually foremost also in 
the sports and pastimes of youth. 

Among his first strongly-developed tastes was the lova 
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of birds and animals, which he inherited from his father. 
Blackbirds were his special favourites. The hedges 
between Dewley and Black Callerton were capital bird- 
nesting places; and there was not a nest there that he did 
not know of. When the young birds were old enough, he 
would bring them homo with him, feed them, and teach 
them to fly about the cottage unconfined by cages. One of 
his blackbirds became so tame, that, after flying about the 
doors all day, and in and out of the cottage, it would take 
up its roost upon the bed-head at night. And most singular 
of all, the bird would disappear in the spring and summer 
months, when it was supposed to go into the wouds to pair 
and rear its young, after which it would reappear at the 
cottage, and resume its social habits during the winter. 
This went on for several years. George had also a stock 
of tame rabbits, for which he built a little house behind the 
cottage, and for many years he continued to pride himself 
upon the superiority of his breed. 

After he had driven the gin for some time at Dewley and 
Black Callerton, he was taken on as an assistant to his 
father in firing the engine at Dewley. This was a step of 
promotion which he had anxiously desired, his only fear 
being lest he should be found too young for the work. 
Indeed, he used afterwards to relate how he was wont to 
hide himself when the owner of the colliery went round, m 
case he should be thought too little a boy to earn the wages 
paid him. Since he had modelled his clay engines in the 
bog, his young ambition was to be an engineman; and to 
be an assistant fireman was the first step towards this posi- 
tion. Great therefore was his joy when, at about fourteen 
years of age, he was appointed assistant-fireman, at the 
wage of a shilling a day. 

But the coal at Dewley Burn being at length worked 
out, the pit.was ordered to be “laid in,” and old Robert 
and his family were again under the necessity of shifting 
their home; for, to use the common phrase, they must 
“follow the wark.” They removed accordingly to a place 

c 2 
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called Jolly’s Close, a few miles to the south, close behind 
the village of Newburn, where another coal-mine belonging 
to the Duke of Northumberland, called “the Duke's 
Winnin,” had recently been opencd out. 
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Newburn on the Tyne. 


One of the old persons in the neighbourhood, who knew 
the family well, describes the dwelling in which they lived 
as a poor cottage of only one room, in which tho father, 
mother, four sons, and two daughters, lived and slept. It 
was crowded with three low-poled beds. The one apart- 
ment served for parlour, kitchen, sleeping-room, and all. 

The children of the Stephenson family were now growing 
apace, and several of them were old enough to be able to 
earn money at various kinds of colliery work. James and 
George, the two eldest sons, worked as assistant-firemen: 
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and the younger boys worked as wheclers or pickers on the 
bank-tops. The two girls helped their mother with the 
liousehold work. 

Other workings of the coal were opened out in the neigh- 
bourhood ; and to one of these George was removed as 
firoman on his own account. This was called the “ Mid 
Mill Winnin,” where be had for his mate a young man 
named Coe. They worked together there for about two 
years, by twelve-hour shifts, George firing the engine at the 
wage of a shilling a day. He was now fifteen years old. 
His ambition was as yet limited to attaining the standing 
of a full workman, at a man’s wages; and with that view 
he endeavoured to attain such a knowledge of his engine as 
would eventually lead to his employment as an cngineman, 
with its accompanying advantage of higher pay. He was 
a steady, sober, hard-working young man, but nothing more 
in the estimation of his fellow-workmen. 

One of his favourite pastimes in by-hours was trying 
feats of strength with his companions. Although in frame 
he was not particularly robust, yet he was big and bony, 
and considered very strong for his age. At throwing the 
hammer George had no compeer. At lifting heavy weights 
off the ground from between his feet, by means of a bar of 
iron passed through them—placing the bar against his 
knees as a fulcrum, and then straightening his spine and 
lifting them sheer up—he was also very successful. On 
one occasion he lifted as much as sixty stones weight—a 
striking indication of his strength of bone and muscle. 

When the pit at Mid Mill was closed, George and his 
companion Coe were sent to work another pumping-engine 
erected near Throckley Bridge, where they continued for 
some months. It was while working at this place that his 
wages were raised to 12s. a week—an event to him of great 
importance. On coming out of the foreman’s office that 
Saturday evening on which he received the advance, he 
announced the fact to his fellow-workmen, adding triumph 
antly, “J am now a made man for lite!” 
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The pit opened at Newburn, at which old Robert 
Stephenson worked, proving a failure, it was closed ; and 
@ new pit was sunk at Water-row, on a strip of land lying 
between the Wylam waggon-way and the river Tyne, 
about half a mile west of Newburn Church. <A pumping. 
engine was erected ‘there by Robert Hawthorn, the Duke's 
engineer ; and old Stephenson went to work it as fireman, 
his son George acting as the engineman or plugman. At 
that time he was about seventeen years old—a very youth- 
ful age at which to fill so responsible a post. He had thus 
ulready got ahead of his father in his station as a workman ; 
for the plugman holds a higher grade than the fireman, 
requiring more practical knowledge and skill, and usually 
receiving higher wages. 

George's duty as plugman was to watch the engine, to 
see that it kept well in work, and that the pumps were 
efficient in drawing the water. When the water-level in 
the pit was lowered, and the suction became incomplete 
through the exposure of the suction-holes, it was then his 
duty to proceed to the bottom of the shaft and plug the 
tube so that the pump should draw: hence the designation 
of “plugman.” If a stoppage in the engine took place 
through any defect which he was incapable of remedying, 
it was for him to eall in the aid of the chief engineer to 
set it to nghts. 

But from the time when George Stephenson was 
appointed fireman, and more particularly afterwards as 
engineman, he applied himself so assiduously and so suc- 
cessfully to the study of the engine and its gearing —taking 
the machine to pieces in his leisure hours for the purpose 
of cleaning and understanding its various parts—-that he 
goon acquired a thorough practical knowledge of its con- 
atruction and mode of working, and very rarely needed to 
call the engineer of the colliery to his aid. His engine 
became a sort of pet with him, and he was never wearied 
of watching and inspecting it with admiration. 

Though eighteen years old, like many of his fellow- 
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workmen, Stephenson had not yet learnt to read. All that 
he could do was to get some one to read for him by his 
vngine fire, out of any book or stray newspaper which 
found its way into the neighbourhood. Buonaparte was 
then overrunning Italy, and astounding Europe by his 
brilliant succession of victories; and there was no more 
eager auditor of his exploits, as read from the newspaper ac- 
counts, than the young engineman at the Water-row Pit. 

There were also numerous stray bits of information and 
intelligence contained in these papers, which excited 
Stephenson’s interest. One of these related to the Egyptian 
method of hatching birds’ eggs by means of artificial heat. 
Curious about everything relating to birds, he determined 
to test it by experiment. It was spring time, and he 
forthwith went a birdnesting in the adjoining woods and 
hedges. He gathered a collection of eggs of various sorts, 
set them in flour in a warm place in the engine-house, 
covering the whole with wool, and then waited the issue. 
The heat was kept as steady as possible, and the eggs were 
carefully turned every twelve hours, but though they 
chipped, and some of them exhibited well-grown chicks, 
they never hatched. The experiment failed, but the inci- 
dent shows that the inquiring mind of the youth was 
fairly at work. 

Modelling of engines in clay continued to be another of his 
favourite occupations. He made models of engines which 
he had seen, and of others which were described to him. 
‘'hese attempts were an improvement upon his first trials at 
Dewley Burn bog, when occupied there as a herd-boy. He 
was, however, auxious to know something of the wonder- 
ful engines of Boulton and Watt, and was told that they 
were to be found fully described in books, which he must 
search for information as to their construction, action, and 
uses. But, alas! Stephenson could not read; he had not 
yet learnt even his letters. 

Thus he shortly found, when gazing wistfully in the 
direction of knowledge, that to advance further as a skilled 
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workman, he must master this wonderful art of reading-— 
the key to so many other arts. Only thus could he gain an 
access to books, the depositories of the wisdom and experi- 
ence of the past. Although a grown man, and doing the 
work of a man, he was not ashamed to confess his ignorance, 
and go to school, big as he was, to learn his letters. Per- 
haps, too, he foresaw that, in laying out a little of his spare 
earnings for this purpose, he was investing money judi- 
ciously, and that, in every hour he spent at school, he was 
really working for better wages. 

His first schoolmaster was Robin Cowens, a poor teacher 
in the village of Walbottle. He kept a night-school, which 
was attended by a few of the colliers and labourers’ sons in 
the neighbourhood. George took lessons in spelling and 
reading three nights in the week. Robin Cowen’s teaching 
cost threepence a week; and though it was not very good, 
yet George, being hungry for knowledge and eager to 
acquire it, soon learmt to read. He also practised “ pot- 
hooks,” and at the age of nineteen he was proud to be able 
to write his own name. 

A Scotch dominie, named Andrew Robertson, set up a 
night-school in the village of Newburn, in the winter of 
1799. It was more convenient for George to attend this 
school, as it was nearer to his work, and only a few minutes’ 
walk from Jolly’s Close. Besides, Andrew had the reputa- 
tion of being a skilled anthmetician ; and this branch of 
knowledge Stephenson was very desirous of acquiring. He 
accordingly began taking lessons from him, paying four- 
pence a week. Robert Gray, the junior fireman at the 
Water-row Pit, began arithmetic at the same time; and 
Gray afterwards told the author that George learnt 
“fiouring ” so much faster than he did, that he could not 
make out how it was—‘“ he took to figures so wonderful.” 
Although the two started tegether from the same point, at 
the end of the winter George had mastered “reduction,” 
while Robert Gray was still struggling with the difficulties 
of simple division. But George's secret was his persever- 
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ance. He worked out the sums in his bye-hours, improving 
every minute of his spare time by the engine-fire, and study- 
ing there the arithmetical problems set for him upon his 
slate by the master. In the evenings he took to Robertson 
the sums which he had “worked,” and new ones were 
“set” for him to study out the following day. Thus his 
progress was rapid, and, with a willing heart and mind, he 
oon became well advanced in arithmetic. Indeed, Andrew 
Robertson became very proud of his scholar; and shortly 
after, when the Water-row Pit was closed, and George 
removed to Black Callerton to work there, the poor school- 
master, not having a very extensive connexion in Newburn, 
went with his pupils, and set up his night-school at Black 
Callerton, where he continued his lessons.. 

George still found time to attend to his favourite animals 
while working at the Water-row Pit. Like his father, he 
used to tempt the robin-redbreasts to hop and fly about him 
at the engine-fire, by the bait of bread-crumbs saved from 
his dinner. But his chief favourite was his dog—so saga- 
cious that he almost daily carried George's dinner to him at 
the pit. The tin contaiming the meal was suspended from 
the dog’s neck, and, thus laden, he proceeded faithfully from 
Jolly’s Close to Water-row Pit, quite through the village of 
Newburn. He turned neither to left nor right, nor heeded 
the barking of curs at his heels. But his course was not 
unattended with perils. One day the big strange dog of a 
passing butcher espying the engineman’s messenger with the 
tin can about his neck, ran after and fell upon him. There 
was a terrible tussle and worrying, which lasted for a brief 
while, and, shortly after, the dog’s master, anxious for his 
dinner, saw his faithful servant approaching, bleeding but 
triumphant. The tin can was still round his neck, but the 
dinner had been spilt in the struggle. Though George 
went without his dinner that day, he was prouder of his dog 
than ever when the circumstances of the combat were related 
t» him by the villagers who had seen it. 

It was while working at the Water-row Pit that Stephen- 
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son learnt the art of brakeing an engine. This being one 
uf the higher departments of colliery labour, and among 
the best paid, George was very anxious to learn it. A 
small winding-engine having been put up for the purpose of 
drawing the coals from the pit, Bill Coe, his friend and 
fellow-workman, was appointed the brakesman. He fre- 
quently allowed George to try his hand at the machine, and 
instructed him how to proceed. Coe was, however, opposed 
in this by several of the other workmen—one of whom, a 
banksman named William Locke,* went so far as to stop the 
working of the pit because Stephenson had been called in to 
the brake. But one day as Mr. Charles Nixon, the manager 
of the pit, was observed approaching, Coe adopted an expe- 
dient which put a stop to the opposition. He called upon 
Stephenson to “come into the brake-house, and take hold of 
the machine.” Locke, as usual, sat down, and the working 
of the-pit was stopped. When requested by the manager to 
wive an explanation, he said that “ young Stephenson couldn’t 
brake, and, what was more, never would learn, he was so 
clumsy.” Mr. Nixon, however, ordered Locke to go on with 
the work, which he did ; and Stephenson, after some further 
practice, acquired the art of brakeing. 

After working at the Water-row Pit and at other engines 
near Newburn for about three years, George and Coe went 
to Black Callerton early in 1801. Though only twenty 
years of age, his employers thought so well of him that 
they appointed him to the responsible office of brakesman at 
the Dolly Pit. For convenience’ sake, he took lodgings at 
a small farmer’s in the village, finding his own victuals, 
and paying so much a week for lodging and attendance. In 
the locality this was called “ picklin in his awn poke neuk.” 
It not unfrequently happens that the young workman 
about the collieries, when selecting a lodging, contrives tu 
pitch his tent where the daughter of the house ultimately 


* Father of Mr. Locke, M.P., the engineer. He afterwards removed 
to Barnsley, in Yorkshire. 
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beooines his wife. This is often the real attraction that 
draws the youth from home, though a very different one 
may be pretended. 

George Stephenson’s duties as brakesman may be briefly 
described. ‘he work was somewhat monotonous, and con- 
sisted in superintending the working of the engine and 
machinery by means of which the coals were drawn out of 
the pit. Brakesmen are almost invariably selected from 
those who have had considerable experience as engine- 
firemen, and borne a good character for steadiness, punc- 
tuality, watchfulness, and “ mother wit.” In George Stephen- 
son's day the coals were drawn out of the pit in corves, or 
large baskets made of hazel rods. The corves were placed 
together in a cage, between which and the pit-ropes there 
was usually from fifteen to twenty feet of chain. The 
approach of the corves towards the pit mouth was signalled 
by a bell, brought into action by a piece of mechanism 
worked from the shaft of the engine. When the bell 
sounded, the brakesman checked the speed, by taking hold 
of the hand-gear connected with the steam-valves, which 
were so arranged that by their means he could regulate the 
speed of the engine, and stop or set it in motion when re- 
quired. Connected with the fly-wheel was a powerful 
wooden brake, acting by pressure against its rim, something 
like the brake of a railway-carriage against its wheels. On 
catching sight of the chain attached to the ascending ccrve- 
caye, the brakesman, by pressing his foot upon a foot-step 
near him, was enabled, with great precision, to stop the 
revolutions of the wheel, and arrest the ascent of the corves 
at the pit mouth, when they were forthwith lauded on the 
“settle board.” On the full corves being replaced by empty 
ones, it was then the duty of the brakesman to reverse the 
engine, and send the corves down the pit to be filled again. 

The monotony of George Stephenson’s occupation as a 
brakesman was somewhat varied by the change which he 
made, in his turn, from the day to the night shift. His 
duty, on the latter occasions, consisted chiefly in sending 
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men and materials into the mine, and in drawing other 
men and materials out. Most of the workmen cnter the pit 
during the night shift, and leave 1t in the latter part of the 
day, whilst coal-drawing is proceeding. The requirements 
of the work at night are such, that the brakesman has a 
good deal of spare time on his hands, which he is at liberty 
to employ in his own way. From an early period, George 
was accustomed to employ those vacant night hours in 
working the sums set for him by Andrew Robertson 
upon his slate, practising writing in his copy-book, and 
mending the shoes of his fellow-workmen. His wages 
while working at the Dolly Pit amounted to from 1l. 15s. to 
21. in the fortnight; but he gradually added to them as he 
became more expert at shoe-mending, and afterwards at 
shoe-muking. 

Probably he was stimulated to take in hand this extra 
work by the attachment he had by this time formed for a 
young woman named Fanny Henderson, who officiated as 
servant in the small farmer’s house in which he lodged. 
We have been informed that the personal attractions of 
Fanny, though these were considerable, were the least of 
her charms. Mr. Wilham Fairbairn, who afterwards saw 
her in her home at Willington Quay, describes her as a very 
comely woman. But her temper was one of the sweetest; and 
those who knew her were accustomed to speak of the charm- 
ing modesty of her demeanour, her kindness of disposition. 
and withal her sound good sense. 

Amongst his various mendings of old shoes at Callerton. 
George was on one occasion favoured with the shoes of his 
sweetheart to sole. One can imagine the pleasure with 
which he would linger over such a piece of work, and the 
pride with which he would execute it. A friend of his, 
still living, relates that, after he had finished the shoes, he 
carried them about with him in his pocket on the Sunday 
afternoon, and that from time to time he would pull them 
out and hold them up, exclaiming, “ what a capita] job he 
had made of them !" 
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Out of his earnings by shoe-mending at Callerton, 
George contrived to save his first guinea. The first guinea 
saved by a working man is no trivial thing. If, os in 
Stephenson’s case, it has been the result of prudent self- 
denial, of extra labour at bye-hours, and of the honest reso- 
lution to save and economise for worthy purposes, the first 
guinea saved is an earnest of better things. When Stephen- 
son had saved this guinea he was not a little elated at the 
achievement, and expressed the opinion to a friend, who 
many years after reminded him of it, that he was “now 
a rich man.” 

Not long after he began to work at Black Callerton as 
brakesman, he had a quarrel with a pitman named Ned 
Nelson, a roistering bully, who was the terror of the 
village. Nelson was a great fighter; and it was therefore 
considered dangerous to quarrel with him. Stephenson was 
so unfortunate as not to be able to please this pitman by the 
way in which he drew him out of the pit; and Nelson swore 
at him grossly because of the alleged clumsiness of his 
brakeing. George defended himself, and appealed to the 
testimony of the other workmen. But Nelson had not been 
accustomed to George’s style of self-assertion ; and, after a 
vreat deal of abuse, he threatened to kick the brakesman, 
who defied him to do so. Nelson ended by challenging 
Stephenson to a pitched battle; and tho latter accepted the 
challenge, when a day was fixed on which the fight was to 
come off. 

Great was the excitement at Black Callerton when it 
was known that George Stephenson had accepted Nelson’s 
challenge. Everybody said he would be killed. The 
villagers, the young men, and especially the boys of the 
place, with whom George was a great favourite, all wished 
that he might beat Nelson, but they scarcely dared to say 
so. They came about him while he was at work in the 
engine-house to inquire if it was really true that he was 
“ goin to fight Nelson?” “ Ay; never fear for me; I'll fight 
him.” And fight him he did. For some days previous te 
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the appointed day of battle, Nelson went entirely off work 
for the purpose of keeping himself fresh and strong, whereas 
Stephenson went on doing his daily work as usual, and 
appeared not in the least disconcerted by the prospect of the 
affair. So, on the evening appointed, after George had done 
his day’s labour, he went into the Dolly Pit Field, where 
his already exulting rival was ready to mect him. George 
stripped, and “ went in” like a practised pugilist—though 
it was his first and last fight. After a few rounds, George's 
wiry muscles and practised strength enabled him severely 
to punish his adversary, and to secure an easy victory. 

‘This circumstance is related in illustration of Stephenson's 
personal pluck and courage ; and it was thoroughly charac- 
teristic of the man. Ile was no pugilist, and the very 
reverse of quarrelsome. But he would not be put down by 
the bully of the colliery, and he fought him. There his 
pugilism ended ; they afterwards shook hands, and continued 
good friends. In after life, Stephenson’s mettle was often ax 
hardly tried, though in a different way ; and he did not fail 
to exhibit the same resolute courage in contending with the 
bulhes of the railway world, as he showed in his encounter 
with Ned Nelson, the fighting pitman of Callerton. 
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CHAPTER III1. 


ENGINEMAN AT WILLINGTON Quay anv KILLINGWworRTH. 


GEORGE STEPHENSON had now acquired the character of an 
expert workman. He was diligent and observant while at. 
work, and sober and studious when the day's work was 
over. His friend Coe described him to the author as “a 
standing example of manly character.” On pay-Saturday 
afternoons, when the pitmen held their fortnightly holiday, 
occupying themselves chiefly in cock-fighting and dog- 
fighting in the adjoining fields, followed by adjournments 
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to the “ yel-house,” George was accustomed to take hie 
engine to pieces, for the purpose of obtaining “ insight,” and 
he cleaned all the parts and put the machine in thorough 
working order before leaving it. 

In the evenings he nuproved himself in the arts of reading 
and writing, and occasionally took a turn at modelling. It 
was at Callerton, his son Robert informed us, that he began 
‘to try his hand at original invention; and for some time he 
applied his attention to a machine of the nature of an 
engine-brake, which reversed itself by its own action. But 
nothing came of the contrivance, and it was eventually 
thrown aside as useless. Yet not altogether so; for even 
the highest skill must undergo the inevitable discipline of 
experiment, and submit to the wholesome correction of 
occasional failure. 

After working at Callerton for about two years, he re- 
ceived an offer to take charge of the engine on Willington 
Ballast Hill at an advanced wage. He determined to 
accept it, and at the same time to marry Fanny Henderson, 
and begin housekeeping on his own account. Though he 
was only twenty-one years old, he had contrived, by thrift, 
steadiness, and industry, to save as much moncy as enabled 
him to take a cottage-dwelling at Willingtun Quay, and 
furnish it ina humble but comfortable style for the reception 
of his bride. 

Willington Quay lies on the north bank of the Tyne, 
about six miles below Newcastle. It consists of a line of 
houses straggling along the river-side; and high behind it 
towers up the huge mound of ballast emptied out of tho 
ships which resort to the quay for their cargoes of coal for 
the London market. The ballast is thrown out of the ships’ 
holds into waggons laid alongside, which are run up to the 
summit of the Ballast Hill, and emptied out there. At the 
foot of the great mound of shot rubbish was the fixed 
engine of which George Stephenson acted as brakesmau. 

The cottage in which he took up his abode was a small 
two-storied dwelling, standing a little back from the quay 
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with a bit of garden ground in front.* The Stephenson 
family occupied the upper room in the west end of the 
cottage. Close behind rose the Ballast Hill. 

When the cottage dwelling had been made snug, and was 
ready for occupation, the marriage took place. It was cele- . 
brated in Newburn Church, on the 28th of November, 1802. 
After the ceremony, George, with his newly-wedded wife, 
proceeded to the house of his father at Jolly’s Close. The 
old man was now becoming infirm, and, though he still 
worked as an engine-fireman, contrived with difficulty “to 
keep his head above water.” When the visit had been 
paid, the bridal party set out for their new home at Will- 
ington Quay, whither they went in a manner quite common 
before travelling by railway came into use. ‘T'wo farm 
horses, borrowed from a neighbouring farmer, were each 
provided: with a saddle and pillion, and George having 
mounted one, his wife seated herself behind him, holding 
on ky his waist. The bridesman and bridesmaid in lke 
manner mounted the other horse; and in this wise the 
wedding party rode across the country, passing through 
the old streets of Newcastle, and then by Wallsend to 
Willington Quay—a ride of about fifteen miles. 

George Stephenson's daily life at Willington was that 
ofa steady workman. By the manner, however, in which 
he continued to improve his spare hours in the evening, he 
was silently and surely paving the way for being some- 
thing more than a manual labourer. He set himself to 
study diligently the principles of mechanics, and to master 
the laws by which his engine worked. For a workman, 
he was even at that time more than ordinarily speculative 
-—often taking up strange theories, and trying to sift out 
the truth that was in them. While sitting by his wife's 
side in his cottage-dwelling in the winter evenings, he was 


* The Stephenson Mcmorial Willington Quay represented in 
Schools have since been erected the engraving at the head of this 
on he site of the old cottage at chapter. 
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usually occupied in studying mechanical subjects, or in . 
modelling experimental machines. Amongst his various 
speculations while at Willington, he tried to discover a 
means of Perpetual Motion. Although he failed, as so 
many others had done before him, the very efforts he made 
tended to whet his inventive faculties, and to call forth his 
dormant powers. He went so far as to construct the model 
of a machine for the purpose. It consisted of a wooden. 
wheel, the periphery of which was furnished with glass 
tubes filled with quicksilver; as the wheel rotated, the 
quicksilver poured itself down into the lower tubes, and 
thus a sort of self-acting motion was kept up in the appa- 
ratus, which, however, did not prove to be perpetual. 
Where he had first obtained the idea of this machine— 
whether from conversation or reading, is not known; but 
his son Robert was of opinion that he had heard of the 
apparatus of this kind described in the “ History of In- 
ventions.” As he had then no access to books, and indeed 
would barely read with ease, it is probable that he had been 
told of the contrivance, and set about testing its value ac- 
cording to his own methods. 

Much of his spare time continued to be occupied iy 
labour more immediately profitable, regarded in a pecu- 
niary point of view. In the evenings, after his day’s labour 
at his engine, he would occasionally employ himself for an 
hour or two in casting ballast out of the collier ships, by 
which means he was enabled to earn a few extra shillings 
weekly. Mr. William Fairbairn of Manchester has informed 
us that while Stephenson was employed at Willington, 
he himself was working in the neighbourhood as an 
engine apprentice at the Percy Main Colliery. He was 
very fond of George, who was a fine, hearty fellow, besides 
being a capital workman. In the summer evenings young 
Fairbairn was accustomed to go down to the Quay to sea 
his friend, and om such occasions he would frequently take ° 
charge of George’s engine while he took a turn at heaving 
ballast out of the ships’ holds. It is pleasant to think of 


Cuar. Jil, THE COTTAGE CHIMNEY TAKES FIRE. 35 


the future President of the British Association thus helping 
the future Railway Engineer to earn a few extra shillings 
by overwork in the evenings, at a time when both occupied 
the rank of humble working men in an obscure northern 
village. 

Mr. Fairbairn was also a frequent visitor at George’s 
cottage on the Quay, where, though there was no luxury, 
there was comfort, cleanliness, and a pervading spirit of 
industry. Even at home George was never for a moment 
idle. When there was no ballast to heave out at the Quay, 
he took in shoes to mend; and from mending he proceeded 
to making them, as well as shoe-lasts, in which he was 
admitted to be very expert. 

But an accident occurred in Stephenson’s household about 
this time, which had the effect of directing his industry 
into a new and still more profitable channel. The cottage 
chimney took fire one day in his absence, when the alarmed 
neighbours, rushing in, threw quantities of water upon the 
flames ; and some, in their zeal, even mounted the ridge of the 
house, and poured buckets of water down the chimney. The 
fire was soon put out, but the house was thoroughly soaked. 
When George came home he found everything in disorder, 
and his new furniture covered with soot. The eight-day clock, 
which hung against the wall—one of the most highly-prized 
articles in the house—was much damaged by the steam 
with which the room had been filled; and its whcels were 
so clogged by the dust and soot that it was brought to a 
complete standstill. George was always ready to turn his 
hand to anything, and his ingenuity, never at fault, imme- 
diately set to work to repair the unfortunate clock. He 
was advised to send it to the clockmaker, but that would 
cost money; and he declared that he would repair it 
himself—at least he would try. The clock was accordingly 
taken to pieces and cleaned; the tools which he had been 
accumulating for the purpose of constructing his Perpetual 
Motion machine, enabled him to do this readily; and he 
suoceeded so well that, shortly after, the neighbours sent 
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him their clocks to clean, and he soon became one of the 
most famous clock-doctors in the neighbourhood. 

It was while living at Willington Quay that George 
Stephenson’s only son was born, on the 16th of October, 
1803. The child was a great favourite with his father, and 
added much to the happiness of hisevening hours. George’s 
“ philoprogenitiveness,” as phrenologists call it, had been 
exercised hitherto upon birds, dogs, rabbits, and even the 
pvor old gin-horses which he had driven at the Callerton 
Pit; but in his boy he now found a much more genial 
object for the exercise of his affection. 

The christening took place in the school-house at 
Wallsend, the old parish church being at the time in sa 
dilapidated a condition from the “creeping ” or subsidence 
of the ground, consequent upon the excavation of the coal, 
that it was considered dangerous to enter it. On this 
occasion, Robert Gray and Anne Henderson, who had 
officiated as bridesman and bridesmaid at the wedding, came 
over again to Willington, and stood godfather and godmother 
to little Robert,—so named after his grandfather. 

After working for several years more as a brakesman at 
the Willington machine, George Stephenson was induced to 
leave his situation there for a similar one at the West Moor 
Colliery, Killingworth. It was not without considerable 
persuasion that he was induced to leave the Quay, as he 
knew that he should thereby give up the chance of earning 
extra money by casting ballast from the keels. At last, 
however, he consented, in the hope of making up the logs in 
some other way. 

The village of Killingworth lies about seven miles north 
of Newcastle, and is one of the best-known collieries in that 
neighbourhood. The workings of the coal are of vast 
extent, and give employment to a large number of work- 
people. To this place Stephenson first came as a brakeaman 
about the beginning of 1805. He had not heen long in 
his new place, ere his wife died (in 1806), shortly after 
giving birth to a daughter, who survived the mother only a 
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few months. George deeply felt the loss of his wife, for 
they had been very happy together. Their lot had been 
sweetened by daily successful toil The husband was 
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sober and hard-working, and his wife made his hearth so 
bright and his home so snug, that no attraction could draw: 
lim from her side in the evening hours. But this domestic 
happiness was all to passaway ; and George felt as one that 
had thenceforth to tread the journey of life alone. 

Shortly after this event, while his grief was still fresh, he 
received an invitation from some gentlemen concerned in 
large spinning works near Montrose in Scotland, to proceed 
thither and superintend the working of one of Boulton and 
Watt's engines. He accepted the offer, and made arrange- 
ments to leave Killingworth for a time. 


08 ENGINEMAN AT MONTROSE. Cuae TIL. 
Having left his little boy in good keeping, he set out upun 
‘his long journey to Scotland on foot, with his kit upon 
his back. While working at Montrose he gave a striking 
proof of that practical ability in contrivance for which he 
was afterwards so distinguished. It appears that the 
water required for the purposes of his engine, as well as 
for the use of the works, was pumped from a considerable 
depth, being supplicd from the adjacent extensive sand 
strata. The pumps frequently got choked by the sand 
drawn in at the buttom of the well through the snore-holes, 
or apertures through which the water to be raised is ad- 
mitted. The barrels soon became worn, and the bucket 
and clack leathers destroyed, so that it became necessary 
to devise a remedy; and with this object the engineman 
proceeded to adopt the following simple but original expe- 
dient. He had a wooden box or boot made, twelve feet 
high, which he placed in the sump or well, and into this 
he inserted the lower end of the pump. The result was, 
that the water flowed clear from the outer part of the well 
over into the boot, and being drawn up without any ad- 
mixture of sand, the difficulty was thus conquered.* 

Being paid good wages, Stephenson contrived, during 
the year he worked at Montrose, to save a sum of 28/., 
which he took back with him to Killingworth. Longing 
to get back to his kindred, his heart yearning for the son 
whom he had left behind, our engineman took leave of his 
employers, and trudged back to Northumberland on foot as 
he had gone. While on his journey southward he arrived 
late one evening, footsore and wearied, at the door of a 
small farmer's cottage, at which he knocked, and requested 
shelter for the night. Itwas refused, and then he entreated 
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that, being tired, and unable to proceed further, the farmor 
would permit him to le down in the outhouse, for that a> 
little clean straw would serve him. The farmer’s wife 
appeared at the door, looked at the traveller, then ‘retiring 
with her husband, the two confabulated a little apart, and 
finally they invited Stephenson into the cottage. Always 
full of conversation and anecdote, he soon made himself at 
home in the farmer’s family, and spent with them a few 
pleasant hours. He was hospitably entertained for the 
night, and when he left the cottage in the morning, he 
pressed them to make some charge for his lodging, but they 
refused to accept any recompense. They only asked him 
to remember them kindly, and if he ever came that way, to 
be sure and call again. Many years after, when Stephenson 
had become a thriving man, he did not forget the humble 
pair who had succoured and entertained him on his way; 
he sought their cottage again, when age had silvered their 
hair; and when he left the aged couple, they may have 
been reminded of the old saying that we may sometimes 
‘entertain angels unawares.” 

Reaching home, Stephenson found that his father had 
mot with a serious accident at the Blucher Pit, which had 
reduced him to great distress and poverty. While engaged 
in the inside of an engine, making some repairs, a fellow- 
workman accidentally let in the steam upon him. The 
blast struck him full in the face; he was ternbly scorched, 
and his eyesight was irretrievably lost. ‘The helpless and 
infirm man had struggled for a time with poverty; his 
sons who were at home, poor as himself, were little able to 
help him, while George was at a distance in Scotland. On 
his return, however, with his savings in his pocket, his first 
step was to pay off his father’s debts, amounting to about 
251; and shortly after he removed the aged pair from 
Jolly’s Close to a comfortable cottage adjoining the 
tramroad near the West Moor at Killingworth, where the 
vld man lived for many years, supported entirely by his son. 

Stephenson was again taken on as a brakesman at the 
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West Moor Pit. He does not seem to have been very hope- 


‘ful as to his prospects in life about this time (1807-8). 


Indeed the condition of the working class generally was 
very discouraging. England was engaged in a great war, 
which pressed upon the industry, and severely tried the 
resources, of the country. There was a constant demand 
for men to fill the army. The working people were also 
liable to be pressed fur the navy, or drawn for the militia ; 
and though they could not fail to be discontented under 
such circumstances, they scarcely dared even to mutter 
their discontent to their neighbours. 

Stephenson was drawn for the militia: he must there- 
fore either quit his work and go a-soldiering, or find a 
substitute. He adopted the latter course, and borrowed 6/., 
which, with the remainder of his savings, enabled him tu 
provide a militiaman to serve in his stead. Thus the 
whole of his hard-won earnings were swept away at u« 
stroke. He was almost in despair, and contemplated tae 
idea of leaving the country, and emigrating to the United 
States. Although a voyage thither was then a much more 
formidable thing for a working man to accomplish than a 
voyage to Australia is now, he seriously entertained the 
project, and had all but made up his mind to go. His sister 
Ann, with her husband, emigrated about that time, but 
George could not raiso the requisite money, and they 
departed without him. After all, it went sore against 
his heart to leave his home and his kindred, the scenes 
of his youth and the friends of his boyhood; and he strug- 
gled long with the idea, brooding over it in sorrow. 
Speaking afterwards to a friend of his thoughts at the 
time, he said: “ You know the road from my house at the 
West Moor to Killingworth. I remember once when I 
went along that road 1 wept bitterly, for 1 knew not where 
my lot in life would be cast.” , 

In 1808, Stephenson, with two other brakesmen, took 4 
small contract under the colliery lessees for brakeing thu 
engines at the West Moor Pit. The brakeamen found the 
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oil and tallow; they divided the work amongst them, and 
were paid so much per score for their labour. It was the 
interest of the brakesmen to economise the working as 
much as possible, and George no sooner entered upon the 
contract than he proceeded to devise ways and means of 
making it “pay.” He observed that the ropes which, at 
other pits in the neighbourhood, lasted about three months, 
at the West Moor Pit became worn out in about a month. 
He immediately set about ascertaining the cause of the 
defect ; and finding it to be occasioned by excessive friction, 
he proceeded, with the sanction of the head engine-wright 
and the colliery owners, to shift the pulley-wheels and 
re-arrange the gearing, which had the effect of greatly 
diminishing the tear and wear, besides allowing the work 
of the colliery to proceed without interruption. 

About the same time he attempted an improvement in 
the winding-engine which he worked, by placing a valve 
between the air-pump and condenser. ‘This expedient, 
although it led to no practical result, showed that his mind 
was actively engaged in studying new mechanical adapta- 
tions. It continued to be his regular habit, on Saturdays, 
to take his engine to pieces, for the purpose, at the same 
time, of familiarising himself with its action, and of placing 
it in a state of thorough working order. By mastering 
its details, he was enabled, as opportunity occurred, to turn 
to practical account the knowledge he thus diligently and 
patiently acquired. 

Such un opportunity was not long in presenting itself. 
In the year 1810, a new pit was sunk by the “Grand 
Allies” (the lessees of the mines) at the village of Kulling- 
worth, now known as the Killingworth High Pit. An 
atmospheric or Newcomen engine, made by Smeaton, was 
fixed there for the purpose of pumping out the water from 
the shaft; but somehow it fuiled to clear the pit. As one 
of the workmen has since described the circunstance— 
“She couldn’t keep her jack-head in water: all the engine- 
men in the neighhourhood were tried, as well as Crowther 
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of the Ouscburn, but they were clean bet.” The engine 
had been fruitlessly puwuping for nearly twelve months, 
and began to be spoken of as a total failure. Stephenson 
had gone to Jook at it when in course of crection, and then 
observed to the over-man that he thought it was defective ; 
he also gave it as lis opmion that, if there were much 
water in the mine, the engine would never keep it under. 
Of course, as he was only a brakesnan, his opinion was 
considered to be worth very little on such a point. He 
continued, however, to make frequent visits to the engine, 
to see “how she was getting on.’ From the bank-head 
where he worked his brake he could see the chimney 
smoking at the High Pit; and as the men were passing 
to and from their work, he would call out and inquire “ it 
they had gotten to the bottom yet?’ And the reply was 
always to the same effect—the pumpmg made no progress, 
and the workmen were still “drowned out.” 

One Saturday afternoon he went over to the Migh Pit to 
sxamine the engine more carefully than he had yet done. 
He had been turning the subject over thoughtfully in his 
mind; and seemed to have satisfied himself as to the cause 
of the failure. kit Heppel, one of the sinkers, asked him, 
“Weel, George, what do you mak’ o’ her? Do you think 
you could do anything to impreve her?’ Said George, “1 
could alter her, man, and make her draw: in a week's time 
I could send you to the bottom.” 

Forthwith Heppel reported this conversation to Ralph 
Dodds, the head viewer, who, being now quite in despair, 
and hopeless of succeeding with the engine, determined to 
give George's skill a trial. At the worst he could only 
fail, as the rest had done. In the evening, Dodds went in 
search of Stephenson, and met him on the road, dressed in 
his Sunday's suit, on the way to “the preaching” in the 
Methodist Chapel, which he attended. “Well, George,” 
said Dodds, “ they tell me that you think you can put the 
engine at the High Pit to nghts.” “Yes, sir,” said George. 
“T think I could.” “If that’s the case, '] give you a fair 
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trial, and you must set to work immediately. We are clean 
drowned out, and cannot get a‘step further. The enginecrs 
nereabouts are all bet ; and if you really succeed in accom- 
plishing what they cannot do, you may depend upon it I 
will make you a man for life.” 

Stephenson began his operations early next morning. 
The only condition that he made, before setting to work, 
was that he should select his own workmen. There 
as he knew, a good deal of jealousy amongst the “regular” 
men that a collhery brakesman should pretend to know more 
about their engine than they themselves did, and attempt 
to remedy defects which the most skilled men of their craft, 
including the engineer of the colliery, had failed to do. 
But George made the condition a sine quad non. “The 
workmen,” said he, “must either be all Whigs or all 
Tories.” There was no help for it, so Dodds ordered the 
old hands to stand aside. ‘he men grumbled, but gave 
way; and then George and his party went in. 

The engine was taken entirely to pieces. The cistern 
containing the injection water was raised ten feet; the 
myection cock, being too small, was enlarged to nearly 
double its former size, and if waS so arranged that it 
should be shut off quickly at the beginning of the stroke. 
These and other alterations were necessanly performed in 
a rough way, but, as the result proved, on truce principles. 
Ste phienkan also, finding that the boiler would bear a 
greater pressure than five pounds to the inch, determined 
te work it at a pressure of ten pounds, though this was con- 
trary to the directions of both Newcomen and Smeaton. 
The necessary alterations were made in about three days, 
and many persons came to see the engine start, including 
the men who had put her up. The pit being nearly full of 
water, she had little to do on starting, and, to use George's 
words, “came bounce into the house.” Dodds exclaimed, 
“Why, she was better as she was; now, she will knock the 
house down.” After a short time, however, the engine got 
fairly to work, and by ten o'clock that night the water was 
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lower in the pit than it had ever been before. It was kept 
pumping all Thursday, and by the Friday afternoon the 
pit was cleared of water, and the workmen were “sent te 
the bottom,” as Stephenson had promised. ‘Thus the 
alterations effected in’ the pumping apparatus proved com- 
pletely successful. 

Dodds was particularly gratified with the manner in 
which the job had been done, and he made Stephenson a 
present of ten pounds, which, though very inadequate when 
compared with the value of the work performed, was ac- 
cepted with gratitude. George was proud of the gift as the 
first marked recognition of his skill as a workman ; and he 
used afterwards to say that it was the biggest sm of money 
he had up to that time earned in one Jump. Ralph Dodds, 
however, did more than this. He released the brakesman 
from the handles of his engine at West. Moor, and appointed 
him engineman at the High Pit, at good wages, during the 
time the pit was sinking,—the job lasting for about a 
year; and he also kept him in mind for further advance- 
ment. 

Stephenson's skill as an engine-doctor soon became noised 
abroad, and he was called upon to prescribe remedies for all 
the old, wheezy, and ineffective pumping-machines in the 
neighbourhood. Jn this capacity he soon left the “ regular ” 
men far belind, though they in their turn were very much 
disposed to treat the Killingworth brakesman as no better 
than a quack. Nevertheless, his practice was really founded 
upon a close study of the principles of mechanics, and on 
un intimate practical acquaintance with the details of the 
pumping-engine. 

Another of his smaller achievements in the sume line is 
still told by the people of the district. At the corner of the 
road leading to Long Benton, there was a quarry from which 
a peculiar and scarce kind of ochre was taken. In the course 
of working it out, the water had collected in considerable 
quantities; and there being no means of draining it off, it 
accumulated to such an extent that the further working .of 
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the ochre was almost entirely stopped. Ordinary pumps were 
tried, and failed ; and then a windmill was tried, and failed 
too. On this, George was asked what ought to be done to 
clear the quarry of the water. He said, “ho would set 
up for them an engine little bigger than a kail-pot, that 
would clear them out in a week.” And he did so. A little 
engine was speedily erected, by means of which the quarry 
was pumped dry in the course of a few days. Thus his 
kkill as a pump-doctor soon became the marvel of the 
district. 

In elastic muscular vigour, Stephenson was now in his 
prime, and he still continued to be zealous in measuring his 
strength and agility with his fellow workmen. The com- 
petitive element in his nature was always strong; and his 
success in these feats of rivalry was certainly remarkable. 
Few, if any, could lift such weights, throw the hammer and 
putt the stone so far, or cover so great a spuce at a standing 
or running leap. One day, between the engine hour and the 
rope-rolling hour, Kit Heppel challenged bim to leap from 
one high wall to another, with a deep gap between. To 
Heppel’s surprise and dismay, George took the standing 
leap, and cleared the eleven feet at a bound. Had his eye 
been less accurate, or his limbs less agile and sure, the feat 
must have cost him his life. 

But so full of redundant muscular vigour was he, that 
leaping, putting, or throwing the hammer were not enough 
for him. He was also ambitious of riding on horseback, 
and, as he had not yet been promoted to an office enabling 
him to keep a horse of his own, he sometimes borrowed one of 
the gin-horses for a ride. On one of these occasiuns, ho 
brought the animal back reeking; when Tommy Mitche- 
son, the bank horse-keeper, a rough-spoken fellow, exclaimed 
to him: “Set such fellows as you on horseback, and youll 
svon ride to the De il.” But Tommy Mitcheson lived to 
tell the joke, and to confess that, after all, there had been a 
better issue to George's horsemanship than that which he 
predicted. 
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Old Cree, the engine-wright at Killingworth High Pit, 
having been killed by an accident, George Stephenson was, 
in 1812, appomted engine-wright of the colliery at the 
salary of 1001 a year. He was also allowed the use of a 
galloway to ride upon i his visits of inspection to the 
collieries leased by the “Grand Altes” m that neighbour- 
hood. ‘The * Grand Allies” were a company of geutlemen, 
consisting of Sir Thomas Liddell (afterwards Lord Ravens- 
worth), the Earl of Strathmore, ana Mr. Stuart Wortley 
(afterwards Lord Wharncliffe), the lessees of the Kalhne- 
worth collieries. Havmg been informed of the merits of 
Stephenson, of his indefatigable industry, and the skill 
which he had displayed in the repairs of the pumping- 
engines, they readily acceded to Mr. Dodds’ recommendation 
that he should be appomted the colliery engime-wright ; 
and, as we shall afterwards find, they continued to hunvur 
him by distinguished marks of their approval. 
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CHAPTER IV. 


Tae Strergensons at KILLINGwoRTH — EpucATION AND 
SeELF-EpUCATION OF FATHER AND Son. 


Grcorce Srernesson had now been diligently employed for 
several years mn the work of self-nmprovement, and he expe- 
rienced the usual results m increasing mental strength, 
capability, and skill. Perhaps the secret of every man’s 
best success is to be found in the alacrity and industry 
with which he takes advantage of the opportunities which 
present themselves for well-doing. Our engineman was an 
eminent illustration of the importance of cultivating this 
habit of life. Every spare moment was laid under contribu- 
tion by him, either for the purpose ofadding to his earnings, 
or to his knowledge. He missed no opportunity of extend- 
ing his observations, especially in his own department of 
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work, ever aiming at improvement, and trying to turn all 
that he did know to useful practical account. 

He continued his attempts to solve the mystery of VPer- 
petual Motion, and contrived several model machines with 
the object of embodying his ideas in a practical working 
shape. He afterwards used to lainent the time he had lost 
in these futile efforts, aud said that if he had cnjoyed the 
opportunity which most young men now have, of learning 
from books what previous experimenters had accomplished, 
he would have been spared much labour and mortification. 
Not being acquainted with what other mechanics had 
done, he groped his way in pursuit of some idea originated 
by his own independent thinking and observation; and, 
when he had brought it into sume definite form, lo! he 
fuund that his supposed invention had lung been known and 
recorded in scieutitic books. Often he thought he had hit 
upon discoveries, which he subsequently found were but old 
und exploded fallacies. Yet his very struggle to overcome 
the difficulties which lay in his way, was of itself an educa- 
tion of the best sort. By wrestling with them, he strength- 
ened his judgment and sharpened his skill, stimulating and 
cultivating his inventivencss and mechanical ingenuity. 
Beg very much in carnest, he was compelled to consider 
the subject of his special mquiry i all its relations; and 
thus he gradually acquired practical ability even through 
his very efforts after the impracticable. 

Many of his evenings were now spent in the society of 
John Wigham, whose father occupied the Glebe Farm at 
Benton, close at hand. John was a fair penman and a 
sound arithmetician, and Stephenson sought his society 
chiefly for the purpose of improving himself in writing and 
“fioures.” Under Andrew Itubertson, he had never quite 
mastered the Rule of ‘Three, and it was only when Wigham 
took him in hand that he made much progress in the higher 
branches of arithmetic. He generally took his slate witb 
him to the Wighams’ cottage, when he had his sums set, 
that he might work them out while tending his engine on 
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the following day. When too busy to be able to call upon 
Wigham, he sent the slate to have the former sums cor- 
rected and new ones set. Sometimes also, at leisure mo- 
ments, he was enabled to do a little “ figuring” with 
chalk upon the sides of the coal-waggons. So much paticnt 
perseverance could not but ev ontually succeed ; and by dint 
of practice and study, Stephenson was enabled to master 
successively the various rules of arithmetic. 

John Wigham was of great use to his pupil in many 
ways. He was a guod talker, fond of argument, an exten- 
sive reader as country reading went in those days, and a 
very suggestive thinker. Though his store of information 
might be comparatively small when measured with that of 
more hichly-cultivated minds, much of it was entirely new 
to Stephenson, who regarded him as a very clever and 
Ingenious person. 

Wigham tanght him to draw plans and sections ; though 
in this branch Stephenson proved so apt that he soon sur- 
passed bis master. A volume of ‘ Ferguson's Lectures on 
Mechanics,’ which fell into their hands, was a great treasure 
to both the students. One who remembers their evening 
occupations says he used to wonder what they meant by 
weighing the air and water in so odd away. They were 
trying the specific gravities of objects; and the devices 
which they empleyed, the mechanical shifts to which they 
were put, were often of the rudest kind. In these evening 
entertainments, the mechanical contrivances were supplied 
by Stephenson, whilst Wigham found the scientific rationale. 
The opportunity thus afforded to the former of cultivating 
his mind by contact with one wiser than himsclf proved of 
great value, and in after-life Stephenson gratefully remem- 
bered the assistance which, when a humble workman, he 
had derived from John Wigham, the farmer's son. 

His leisure moments thus carefully improved, it will be 
inferred that Stephenson continued a sober man. Though 
his notions were never extreme on this point, be was 
systemstically temperate. It appears that on the invitation 

Vv. kK 


50 STEPHENSON’S SOBRIETY. Cuap. IV 


of his master, he had, on one or two occasious, been induced 
to join him in a forenoon glass of ale in the public-house of 
the village. But one day, about noon, when Dodds had got 
him as far as the public-house door, on his invitation to 
“come in and take a glass o’ yel,” Stephenson made a dead 
stop, and said, firmly, ‘No, sir, you must excuse me; J have 
made a resolution to drink nu more at this time of day.” 
And he went back. He desired to retain the character of 
a steady workman; and the imstances of men about him 
who had made shipwreck of their character through intem- 
perance, were then, as now, unhappily but too frequent. 

But another consideration besides his own self-improve- 
ment had already begun to exercise an important influejice 
on his life. This was the training and education of his 
son Robert, now growing up an active, intelligent boy, as 
full of fun and tricks as his father had been. When a 
little fellow, searcely able to reach so high as to put a clock- 
head on when placed upon the table, his father would make 
him mount a chair for the purpose; and to “help father” 
was the proudest work which the boy then, and ever after, 
could take part in. When the little engine was sect up at 
the Ochre Quarry to pump it dry, Robert was scarcely 
absent for an hour. He watclicd the machine very eagerly 
when it was set to work; and he was very much annoyed 
at the fire burning away the grates. The man who fired 
the engine was a sort of wag, and thinking to get a laugh 
at the boy, he said, “Those bars are getting varra bad, 
Robert; I think we maun cut up some of that hard wood, 
and put it in instead.” “What would be the use of that, 
you fool?” said the boy quickly. “You would no sooner 
have put them in than they would be burnt out again!” 

So soon as Robert was of proper age, his father sent him 
over to the road-side school at Long Benton, kept by Rutter, 
the parish clerk. But the education which Rutter could 
give was of a very limited kind, scarcely extending beyond 
the primer and pothooks. While working as a brakesman 


on the pit-head at Killingworth, the fathe: had often 
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bethought him of the obstructions he had himself encoun- 
tered in life through his want of schooling; and he 
formed the noble determination that no labour, nor pains, 
nor self-denial on his part should be spared to furnish his 
son with the best cducation that it was in his power to 
bestow. 





Rutter’s School House, Long Benton. 


It is true his earnings were comparatively small at that 
time. Ie was still maintaining his infirm parents ; and the 
cost of living continued excessive. But he fell back upon 
his old expedient of working up his spare time in’ the 
evenings at home, or during the night shifts when it was 
his turn to tend the engine, in mending and making shoes, 
cleaning clocks and watches, making shoe-lasts for the shoe- 
makers of the ncigbourhood, and cutting out the pitinen’s 
cluthes for their wives; and we have been told that to this 
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day there are clothes worn at Killingworth made after 
“Geordy Steevie’s cut.” ‘To give his own words :—*‘ In the 
earlier period of my carcer,” said he, ‘when Robert was a 
little boy, I saw how deficient ] was in education, and I 
made up my mind that he should not labour under the same 
defect, but that ] would put him to a good school, and give 
him a liberal training. J was, however, a poor man; and 
how do you think I managed ? I betook myself to mending 
my neighbours’ clocks Gal watches at nights, after my 
daily Jabour was done, and thus I procured the means of 
educating my son.” * 

Carrying out the resolution as to his boy’s education, 
Robert was sent to Mr. Bruce's school in Percy Street, 
Newcastle, at Midsummer, 1815. when he was about twelve 
vears old. This father bani for him a donkey, on which 
le rode into Newcastle and back d: ailly; and there are many 
still hving who remember the little boy, dressed in his suit 
of homely grey stuff, cut out by his father, cantering along 
to school wpon the “cuddy,” with his wallet of provisions 
fur the day and his bag of books slung over his shoulder. 

When Robert went to Mr. Bruce's school, he was a shy, 
unpolished country lad, speaking the broad dialect. of the pit- 
men ; and the other boys would occasionally tease him, for the 
purpose of provoking an outburst of his Killingworth Doric. 
As the shyness got rubbed off, his love of fan began to show 
itself, and he was found able enough to hold Ins own 
amongst the other boys. As a scholar he was steady and 
diligent, and his master was accustomed to hold him up to 
the Sead of the school as an example of good condnet 
and industry. But his progress, though satisfactory, was by 
no means extraordinary. He used in after-life to pride 
himsclf on his achievements in mensuration, thongh another 
boy, John Taylor, beat him at arithmetic. He also made 


*Sneech at Newcastle, on the of the Newcastle and Darlington 
18th of June, 1844, at the mecting Railway. 
held in celebration of the opening 
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considerable progress in mathematics; and in a letter 
written to the son of lis teacher, many years after, he said, 
“It was to Mr. Bruce’s tuition and methods of modeling 





Bruce's School, Newcastle. 


the mind that I attribute much of my success as an cn- 
emecr; for it was from him that I derived my taste for 
Inathematical pursuits and the facility 1 possess of applying 
this kind of knowledge to practical purposes and modifying 
it according to circumstances.” 

During tho time Robert attended school at Newcastle, 
his father made the boy’s education instrumental to his 
own. Robert was accustomed to spend some of his spare 
time at the rooms of the Literary and Philosophical Insti- 
tute; and when he went home in the evening, he would 
recount to his father the results of his reading. Sometimes 


54 ROBERT STEPHENSON AT KILLINGWORTH. Cuap. IV. 


he was allowed to take with him to Killingworth a volume 
of the ‘Repertory of Arts and Sciences,’ which father and 
son studied together. But many of the most valuable 
works belonging to the Newcastle Library were not lent 
out; these Robert was instructed to read and study, and 
bring away with him descriptions and sketches for his 
father’s information. His father also practised him in 
reading plans and drawings without reference to the 
written descriptions. He used to observe that “ A good plan 
should always explain itself;” and, placing a drawing of 
an engine or machine before the youth, would say, “ There, 
now, describe that to me—the arrangement and the action.” 
Thus he taught him to read a drawing as easily as he 
would read a page of a book. Both father and son profited 
by this excellent practice, which enabled them tuo appre- 
hend with the greatest facility the details of even the most 
difficult and complicated mechanical drawing. 

While Robert went on with his lessons in the evenings, 
his father was usually occupied with his watch and clock 
cleaning; or in contriving models of pumping-engines ; or 
endeavouring to emabudy in a tangible shape the mechanical 
inventions which he found described in the odd volumes on 
Mechanics which fell in his way. This daily and unceasing 
example of industry and application, in the person of a 
loving and beloved father, imprinted itself deeply upon the 
boy’s heart in characters never to be effaced. <A spirit of 
self-improvement was thus early and carcfully planted and 
fostered in Robert's mind, which continued to influence 
him through hfe; and to the close of his career, he was 
proud to confess that if his professional success had been 
great, it was mainly to the example and traiming of his 
father that he owed it. 

Robert was not, however, exclusively devoted to study, 
but, ike most boys full of animal spirits, he was very fond 
of fun and play, and sometimes of mischief. Dr. Bruce 
relates that an old Killingworth labourer, when asked by 
Robert, on one of his last visits to Newcastle, if be remem. 
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bered him, replied with emotion, “ Ay, indeed! Haven't I 
paid your head many a time when you came with your 
father’s bait, for you were always a sad hempy ?” 

The author had the pleasure, in the year 1854, of accoin- 
panying Robert Stephenson on a visit to his old home and 
haunts at Killingworth. He had so often travelled the 
road upon his donkey to and from school, that every foot 
of it was familiar to him; and each turn in it served to 
recall to mind some incident of his boyish days. His eyes 
glistened when he came in sight of Killingworth pit-head. 
Pointing to a humble red-tiled house by the road-side at 
Benton, he said, “ You see that house—that was Rutter’s, 
where I learnt my A B C,and made a beginning of my 
schov!] learning. And there,” pointing to a colliery chim- 
ncy on the left, “there is Long Benton, where my father 
put up his first pumping-engine; and a great success it 
was. And this humble clay-floored cottage you see here, is 
where my grandfather lived till the close of his hfe. Many 
atime have I ridden straight into the house, mounted on 
my cuddy, and called upon grandfather to admire his 
points. I remember the old man feeling the animal all 
over—-he was then quite blind—after which he would 
dilate upon the shape of his ears, fetlocks, and quarters, 
and usually end by pronouncing him to be a ‘real blood.’ 
Twas a great favourite with the old man, who continued 
very fond of animals, and cheerful to the last; and ] 
believe nothing gave him greater pleasure than a visit from 
me and my cuddy.” 

On the way from Benton to High Killingworth, Mr. 
Stephenson pointed to a corner of the road where he had 
onco played a boyish trick upon a Killingworth colher. 
“Straker,” said he, “was a great bully, a coarse, swearing 
fellow, and a perfect tyrant amongst the women and 
children. He would go tearing into old Nanny the 
huxter’s shop in the village, and demand in a savage voice, 
‘What's yer best ham the pund?’ ‘What's floor the 
hunder?’ ‘What d’yp ax for prime bacon ?’—his questions 
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often ending with the miserable order, accompanied with a 
tremendous oath, of ‘ Gie’s a penny rrow (roll) an’ a baubee 
herrin!’ The poor woman was usually set ‘all of a shake’ 
by a visit from this fellow. He was also a great buaster, 
and used to crow over the robbers whom he had put to 
flight; mere men in buckram, as everybody knew. We 
boys,” he continued, * believed him to be a great coward, 
and determined to play him a trick. Two other boys 
joined me in waylaying Straker one night at that corner,” 
pointing toit. ‘“ We sprang out and called upon him, in 
as gruff voices as we could assume, to ‘stand and deliver!’ 
He dropped down upon his knees in the dirt, declaring he 
was a poor man, With a sma’ family, asking for ‘mercy,’ 
and imploring us, as ‘gentlemen, for God's sake, t’ let hin 
a-be!’ We couldn't stand this any longer, and set up a 
shout of laughter. Recognizing our boys’ voices, he sprang 
to his feet and rattled ont a volley of oaths; on which 
we cut through the hedge, and heard him shortly after 
swearing his way along the road to the yel-house.” 

On another occasion, Robert played a series of tricks of 
a somewhat different character. Like his father, he was 
very fond of reducing his scientific reading to practice; and 
after studying Franklin's description of the Lightning expe- 
riment, he proceeded to expend his store of Saturday 
pennies in purchasing about half a mile of copper wire at 
a brazier’s shop in Newcastle. Having prepared his kite, 
he sent it up in the field opposite his father’s door, and 
bringing the wire, msulated by means of a few feet of silk 
cord, over the backs of some of Farmer Wigham’s cows, he 
soon had them skipping about the field in all directions 
with their tails up. One day he had his kite flying at the 
cottage-door as his father’s galloway was hanging by the 
bridle to the paling, waiting for the master to mount. 
Bringing the end of the wire just over the pony’s crupper, 
so smart an electric shock was given it, that the brute was 
almost knocked down. At this juncture the futher issued 
from the door, riding-whip in hand, and was witness to the 
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Stephenson's Cottage, West Alor. 


sclentifice trick just played off upon his galloway. ‘Ah! 
you mischievous scoondrel!” erted he to the boy, who ran 
off He amwardly chuckled with pride, nevertheless, at 
Robert’s successtul experiment.* 

At this time, and for many years after, Stephenson dwelt 
In w cottage standing by the side of the road Ieading from 
the West Moor colliery to Killingworth. The railway 
from the West Moor Pit) crosses this road close by the east 
end of the cottage. The dwelling originally cousisted of 
but one apartment on the ground-floor, with the garret 


* Robert Stephenson was per- tion fur the second, and wrote the 
haps, prouder of this little boyish author (Sept. Sth, 1857) as tol- 
experiment than he was of many of lows:—'*In the kite experiment, 
his subsequent achicvements. Not will you say, that the copper-wire 
having been quite accurately stated was Insulated by a few feet of silk 
in the first edition of this book, cord; without this, the experlucnt 
Mr, Stephenson noted the corree- cannot be made.” 
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over-head, to which access was obtained by means of a step- 
ladder. But with his own hands Stephenson built an oven, 
and in the course of time he added rooms to the cottage, 
until it became a comfvurtable four-roomed dwelling, in 
which he lived as long as he remained at Killingworth. 

He continued as fond of birds and animals as ever, and 
scemed to have the power of attaching them to him ina 
remarkable degree. He had a blackbird at Killingworth 
so fond of hin that it would fly about the cottage, a on 
holding out his finger, would come and perch upon it. A 
cage was built fur “blackie” in the partition between the 
passage and the room, a square of glass forming its outer 
wall; and Robert used afterwards to take pleasure in 
describing the oddity of the bird, imitating the manner in 
which it would cock its head on has father’s entering the 
nouse, and follow him with its eye mtv the inner apart- 
ment. 

Neighbours were accustomed to call at the cottage and 
have their clocks and watches set to rights when they went 
wrong. One day, after looking at the works of a watch 
left by a pitman’s wife, George handed it to his son; “ Put 
her in the oven, Robert,” said he, “for a quarter of an hour 
or so.” It seemed an odd way of repairing a watch; never- 
theless, the watch was put into the oven, and at the end of 
the appointed time it was taken out, going all right. The 
wheels had merely got clogged by the oil congealed by the 
cold; which at once explains the rationale of the remedy 
adopted. 

There was a little garden attached to the cottage, in 
which, while a workman, Stephenson took a pride in grow- 
ing gigantic lecks and astounding cabbages. There was 
great competition amongst the villagers in the growth of 
vegetables, all of whom he excelled, excepting one of his 
neighbours, whose cabbages sometimes outshone his. In 
tho | protection of his garden: -crops from the ravages of the 
birds, he inventcd a strange sort of “ fley-craw,” which 
moved its arms with the wind ; and he fastened lis garden- 
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door by means of a piece of ingenious mechanism, so that 
no one but himself could enter it. His cottage was quite 4 
curiosity-shop of models of engines, self-acting planes, and 
perpetual-motion machines. The last-named contrivances, 
however, were only unsuccessful attempts to solve a problem 
which had effectually baffled hundreds of preceding in- 
ventors.. His odd and eccentric contrivances often excited 
great wonder amongst the Killingworth villagers. He won 
the women’s admiration by connecting their cradles with 
the smoke-jack, and making them self-acting. Then ke 
astomished the pitmen by attaching an alarum to the clock 
of the watchman whose duty it was to call them betimes in 
the morning. He also contrived a wonderful lamp which 
burned under water, with which he was afterwards wont to 
amuse the Brandling family at Gosforth,—going into the 
fish-pond at night, lamp in hand, attracting and catching 
the fish, which rushed wildly towards the flame. 

Dr. Bruce tells of a competition which Stephenson had 
with the joiner at Killingworth, as to which of them could 
make the best shoc-last; and when the former had done his 
work, either for the humour of the thing, or to secure fair 
play from the appointed judge, he took it to the Morrisons 
in Newcastle, and got them to put their stamp upon it. So 
that it is possible the Killingworth brakesman, afterwards 
the inventor of the safety lamp and the originator of the 
allway system, and John Morrison, the last-maker, after- 
wards the translater of the Seriptures into the Chinese 
language, may have confronted each other in solemn con- 
templation over the successful last, which won the verdict 
coveted by its maker. 

Sometimes he would endeavour to impart to his fellow- 
workmen the results of his scientific reading. Everything 
that he learnt from books was so new and so wonderful te 
him, that he regarded the facts he drew from them in the 
heht of discoveries, as if they had been made but yesterday. 
Once he tricd to explain to some of the pitmen how the 
carth was round, and kept turning round. But his auditers 
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flatly declared the thing to be mnpossible, as it was clear 
that “at the bottom side they must fall off ! “Ah!” said 
George, “you dont quite understand it yet.” This son 
Robert also carly endeavoured to communicate to others 
the information which he had gathered at sehool ; and Dr. 
Bruce has related that, when visitng Killingworth on one 
occasion, he found him engaged in teaching algebra to such 
of the pitmen’s boys as would become his pupils. 

While Robert was stillat school, lis father proposed to 
him during the holidays that he should constract a sun-dial, 
to be placed over their cottage-door at West Moor “1 
expostulated with dim at first,” said Robert, * that Thad 
not dearnt sufficient astronomy and mathematics fo enable 
me to make the necessary calenlations. Bat he would have 
no denial. * The thine is to be done, satd he: ‘so just set 
abontitatonce Well; we gota + Perguson’s Astronomy, 
and studied the subject together, Many a sore head | had 
while making the necessary calcniations to adapt the dial 
to the latitude of NKillingworth. But at length it was fairly 
drawn out on paper, 
and then my father got 
a stone, and we hewed, 
and carved, and polish- 
ed it, until we made 
a very respectable dial 
of it; and there it is, 
you see,” pomting to 
it over the cottage - 
door, “ still quietly 
mninbermng =the hours 
when the sun is shin- 
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father and son were im after-life very proud of the joint 
production. Many ycars after, George took a party of savans, 
when attending the meeting of the British Association at 
Newcastle, over to Killingworth to see the pits, and he did not 
fail to direct their attention to the sun-dial; and Robert, on 
the last visit which he made to the place, a short time 
before his death, took a friend into the cottage, and pointed 
out to him the very desk, still there, at which he had sat 
while making his calculations of the latitude of Killingworth. 

From the time of his appomtment as enginuecr at the 
Killingworth Pit, George Stephenson was in a measure 
reheved from the daily routine of manual labour, having, 
as we have seen, advanced himself to the grade of a higher 
class workman. But he had not ceased to be a worker, 
though he employed his industry in a different way. It 
might, indeed, be inferred that he had now the command of 
greater Jeisure; but his spare hours were as much as ever 
given to work, either necessary or self-imposed. So far as 
rerarded his seetal position, he had already reached the 
summit of his ambition; and when he had got jis hundred 
a year, and lis dun galloway to ride on, he said he never 
wanted to be any higher. When Robert Whetherly offered 
to give him an old gig, his travelling having so much 
increased of Jate, he accepted it with great reluctance, 
vbserving, that he should be ashamed to get mto it, “people 
would think him so proud.” 

When the High Pit had been snnk, and the coal was 
ready for working, Stephenson ¢rected his first winding- 
engine to draw the coals out of the pit, and also a pumping- 
engine for Long Benton Colltery, both ef which proved qmite 
suceessful. Amongst other works of this time, he projected 
and laid down a self-acting incline along the declivity 
which fell towards the coal-loading place near Willington, 
where he had officiated as brakesman: and he so arranged 
it, that the full wageons deseending drew the empty 
waggons up the railroad. This was one of the first self: 
acting inclines laid duwn in the district. 
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Stephenson had now much better opportunities than 
hitherto for improving himself in mechanics. Tis familiar 
acquaintance with the steam-engine proved of great value 
to him. His shrewd insight, and his intimate practical ac- 
quaintance with its mechanism, enabled him to apprehend, 
as if by intuition, its most abstruse and difficult combina- 
tions. The practical study which he had given to it when 
a workman, and the patient manner in which he had groped 
his way through all the details of the machine, gave him 
the power of a master In dealing with it as applied to 
colliery purposes. 

Sir Thomas Liddell was frequently about the works, and 
took pleasnre in giving every encouragement to the engine- 
wright in his efforts after improvement. The subject of 
the locomotive engine was already closely oceupying 
Stephenson's attention; although it was still regarded as 
# curiotts and costly toy, of comparatively little real use. 
But he had at an early period detected its practical value, 
and formed an adequate conception of the might which as 
vet slumbered within it; and he now bent his entire facul- 
ties to the development of 1ts extraordinary powers. 
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CHAPTER V. 


Eagiy History or tHe Locomotive — Groraz STEPHENSON 
BEGINS ITs [aMPROVEMENT, 


Tur rapid increase in the coal-trade of the Tyne about the 
beginning of the present century had the effect of stimu- 
lating the ingenuity of mechanics, and encouraging them 
to devise improved methods of transporting the coal from 
the pits to the shipping places. From our introductory 
chapter, 1t will have been observed that the improvements 
which had thus far been effected were confined almost en- 
tircly to the ruad. The railway waggons still continued to 
be drawn by horses. By improving and flattening the 
tramway, considerable economy in horse-power had indeed 
been secured; but unless some more effective method of 
mechanical traction could be devised, it was clear that rail- 
way improvement had almost reached its limits. 

Many expedients had been tried with this object. One 
of the earliest was that of hoisting sails upon the waggons, 
and driving them along the waggon-way, as a ship is driven 
through the water by the wind. This method seems to 
have been employed by Sir Humphrey Mackworth, an 
ingenious coal-miner at Neath in Glamorganshire, about the 
end of the seventeenth century. 

After having been lost sight ef for more than a century, 
the same plan of impelling carriages was revived by 
Richard Lovell Edgworth, with the addition of a portable 
railway, since revived also, in Poydell’s patent. But 
although Mr. Rdgworth devoted himself to the subject for 
many years, he failed in securing, the adoption of his sailing 
carriage. It is indeed quite clear that a power so uncertain 
48 wind could never be relied on for ordinary traffic, and 
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Mr. Edgworth’s project was consequently left to repose in 
the limbo of the Patent Office, with thousands of other 
equally useless though ingenious contrivances, 

A much more favourite scheme was the application ‘of 
steam power for the purpose of carriage traction. Savery, 
the inventor of the working steam-engine, was the first to 
propose its employment to propel vehicles along the common 
roads; and in 1759 Dr. Robison, then a young man study- 
ing at Glasgow College, threw out the same idea to his 
friend James Watt; but the scheme was not matured. 

The first locomotive steam-carriage was built at Paris by 
the French engineer Cugnot, a native of Lorraine. It is 
said to have been invented for the purpose of dragging 
cannon into the field independent of horses. The original 
model of this machine was made in 1763. Count Saxe was 
so much pleased with it, that on his recommendation a full- 
sized engine was constructed at the cost of the French 
monarch ; and in 1769 it was tried in the presence of the 
Duc de Choiseul, Minister of War, General Gribeauval, and 
other officers. At one of the experiments it ran with such 
force as to knock down a wall im its way. But the new 
vehicle, loaded with four persons, could not travel faster 
than two and a half miles an hour. The boiler was in- 
sufficient in size, and it could only work for about fifteen 
minutes; after which it was necessary to wait until the 





Cugnot’s Engine. 


steam had again risen to a sufficient pressure. Tio remedy 
this defect, Cugnot constructed a new machine in 1770, 
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the working of which was more satisfactory. It was com- 
posed of two parts—the fore part consisting of a small 
steam-engine, formed of a round copper. boiler, with a 
furnace inside, provided with two small chimneys and two 
single-acting brass steam cylinders, whose pistons acted 
alternately upon the single driving-wheel. The hinder 
part consisted merely of a rude carriage on two wheels to 
carry the load, furnished with a seatin front for the 
conductor. ‘This engine was tried in the streets of Paris; 
but when passing near where the Madeleine now stands, it 
overbalanced itself on turning a corner, and fell over witha 
crash ; after which, its employment being thought danger- 
ous, it was locked up-in the arsenal to prevent further 
mischief. ‘The machine is, however, still to be seen in the 
collection of the Conservatoire des Arts et Métiers at Paris. 
It has very much the look of a long brewer’s cart, with 
the addition of the circular boiler hung on at one end. 
Rough though it looks, it was a highly creditable piece of 
work, considering the period at which it was executed; 
and as the first actual machine constructed for the purpose 
of travelling on ordinary roads by the power of steam, it is 
certainly a most curious and interesting mechanical relic, 
well worthy of preservation. 

But though Cugnot’s road locomotive remained lo¢ked up 
from public sight, the subject was not dead; for we find 
inventors employing themselves from time to time in 
attempting to solve the problem of steam locomotion in 
places far remote from Paris. The idea had taken root in 
the minds of inventors, and was striving to grow into a 
reality. Thus Oliver Evans, the American, invented a 
steam-carriage in 1772 to travel on common roads; in 1787 
he obtained from the State of Maryland an exclusive right 
to make and use steam-carriages, but his invention never 
came into use. Thon, in 1784, William Symington, one of 
the early inventors of the steamboat, was similarly occupied 
in Scotland in endeavouring to develope the latent powers 
of the steam-carriage. He had a working model of one con- 
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structed, which he exhibited in 1786 to the professors of 
Edinburgh College; but the state of the Scotch roads was 
then so bad that he found it impracticable to proceed further 
with his scheme, which he shortly after abandoned in 
favour of steam navigation. 

The same year in which Symington was occupied upon 
his steam-carriage, William Murdock, the friend and assistant 
of Watt, constructed his 
model of a locomotive at 
the opposite end of the 
island—at Redruth in 
Cornwall. His model was 
of small dimensions, stand- 
ing little more than a foot 
high; and it was until 
recently in the possession 
of the son of the inventor, 
at whose house we saw it 
a few years ago. The annexed section will give an idea of 
the arrangements of this machine. 

It acted on the high-pressure principle, and, like Cugnot’s 
engine, ran upon three wheels, the boiler being heated by a 
spirit-lamp. Small though the machine was, it went so 
fast on one occasion that it fairly outran its inventor. It 
seems that one night after returning from his duties at the 
Redruth mine, Murdock determined to try the working of 
his model locomotive. For this purpose he had recourse to 
the walk leading to the church, about a mile from the town. 
It was rather narrow, and was bounded on each side by 
high hedges. The night was dark, and Murdock set out 
alone to try his experiment. Having lit his lamp, the 
water boiled speedily, and off started the engine with the 
inventor after it. He soon heard distant shouts of terror. 
It was too dark to perceive objects; but hoe found, on 
following up the machine, that the cries provecded from the 
worthy pastor of the parish, who, going towards the town, 
was inet on this lonely road by the hissing and fiery little | 
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monster, which he subsequently declared he had taken to be 
the Evil One tn proprid persond. No further steps were, 
however, taken by Murdock to embody his idea of a 
locomotive carriage in a more practical form. 

The idea was next taken up by Murdock’s pupil, Richard 
Trevithick, who resolved on building a steam-carriage 
adapted for common roads as well as railways. He touok 
out a patent to secure the right of his invention in 1802. 
Andrew Vivian, his cousin, joined with him in the patent— 
Vivian finding the money, and Trevithick the brains. 
The steam-carnaye built on this patent presented the 
appearance of an ordinary stage-coach on four wheels. The 
engine had one horizontal cylinder, which, together with 
the boiler and the furnace-box, was placed in the rear of the 
hind axle. The motion of the piston was transmitted to a 
separate crank-axle, from which, through the medium of 
spur-gear, the axle of the driving-wheel (which was mounted 
with a fly-wheel) derived its motion. The steam-cocks and 
the force-pump, as also the bellows used for the purpose of 
quickening combustion in the furnace, were worked off the 
same crank-axle. 

John Petherick, of Camborne, has related that he remem- 
bers this first English steam-coach passing along the prin- 
cipal street of his native town. Considerable difficulty was 
experienced in keeping up the pressure of steam; but when 
there was pressure enough, Trevithick would call upon the 
people to “jump up,” so as to create a load upon the engine. 
It was soon covered with men attracted by the novelty, nor 
did their number seem to make any difference in the speed 
of the engine so long as there was steam enough ; but it was 
constantly running short, and the horizontal bellows failed 
to keep it up. 

This road-locomotive of Trevithick’s was one of the first 
high-pressure working engines constructed on the principle 
of moving a piston by the elasticity of steam against the 
pressure only of the atmosphere. Such an engine had been 
described by Leopold, though in his apparatus it was pro- 
| F 2 
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posed that the pressure snould act only on one side of the 
piston. In Trevithick’s engine the piston was not only 
raised, but was also depressed by the action of the steam, 
being in this respect an entirely original invention, and of 
great merit. Thesteam was admitted from the boiler under 
the piston moving in a cylinder, impelling it upward 
When the motion had reached its limit, the communication 
between the piston and the under side was shut off, and the 
steam allowed to escape into the atmosphere. A passage 
being then opened between the boiler and the upper side of 
the piston, which was presse¢ downwards, the steam was 
again allowed to escape as before. Thus the power of the 
engine was equal to the difference between the pressure of 
the atmosphere and the elasticity of the steam in the 
boiler. 

This steam-carriage excited considerable interest in the 
remote district near the Land’s End where it had been 
erected. Being so far removed from the great movements 
and enterprise of the commercial world, Trevithick and 
Vivian determined upon exhibiting their machine in the 
metropolis. They accordingly set out with it to Plymouth, 
whence it was conveyed by sea to London. 

The carriage safely reached the metropolis, and excited 
much public interest. It also attracted the notice of 
scientific men, amongst others of Mr. Davies Gilbert, 
President of the Royal Society, and Sir Humphry Davy, 
both Cornishmen like Trevithick, who went to see the 
private performances of the engine, and were greatly pleased 
with it. Writing to a Cornish friend shortly after its 
arrival in town, Sir Humphry said: “Ishall soon hope to 
hear that the roads of England are the haunts of Captain 
Trevithick’s dragons—a characteristicname.” ‘The machine 
was afterwards publicly exhibited in an enclosed piece of 
ground near Euston Square, where the London and North- 
Western Station now stands, and it dragged behind it a 
wheel-carriage full of passengers. On the second day of 
the performance, crowds flocked to see it; but Trevithick, 
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in one of his odd freaks, shut up the place, and shortly after 
removed the engine. It is, however, probable that the 
inventor came to the conclusion that the state of the roads 
at that time was such as to preclude its coming into general 
use for purposes of ordinary traffic. 

While the steam-carriage was being exhibited, a gentle- 
man was laying heavy wagers as to the weight which could 
be hauled by a single horse on the Wandsworth and Croydon 
iron tramway; and the number and weight of waggons 
drawn by the hoyse were something surprising. Trevithick 
very probably put the two things together—the steam- 
horse and the iron-way—and kept the performance in mind 
when he proceeded to construct his second or railway loco- 
motive. ‘The idea was not, however, entirely new to him ; for, 
although his first engine had been constructed with a view 
to its employment upon common roads, the specification of 
his patent distinctly alludes to the application of his engine 
to travelling on railroads. Having been employed at the 
iron-works of Pen-y-darran, in South Wales, to erect a forge 
engine for the Company, a convenient opportunity presented 
itself, on the completion of this work, for carrying out ‘his 
design of a locomotive to haul the mmerals along the Pen-y- 
darran tramway. Such an engine was erected by him in 
1803, in the blacksmiths’ shop at the Company's works, and 
it was finished and ready for trial before the end of the 

ear. 

The boiler of this second engine was cylindrical in form, 
flat at the ends, and made of wrought iron. ‘The furnace 
and flue were inside the boiler, within which the single 
cylinder, eight inches in diameter and four feet six inches 
stroke, was placed horizontally. As in the first engine, the 
motion of the wheels was produced ‘by spur gear, to which 
was also added a fly-wheel on one side, to secure a rotatory 
motion in the crank at the end of each stroke of the piston 
in the single cylinder. The waste steam was thrown into 
the chimney through a tube inserted into it at right angles ; 
but it will be obvious that this arrangement was not calcu. 
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lated to produce any result in the way of a steam-blast in 
the chimney. In fact, the waste steam seems to have been 
turned into the chimney in order to get rid of the nuisance 
caused by throwing the jet directly into the air. Trevithick 
was here hovering on the verge of a great discovery; but 
that he was not awaro of the action of the blast in contribut- 
ing to increase the draught and thus quicken combustion, 
is clear from the fact that he employed bellows for this 
special purpose ; and at a much later date (1815) he took 
out a patent which included a method of urging the fire by 
means of fanners.* 





Trevithick’s High Pressure Tram-Engine, 
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At the first trial of this engine it succeeded in dragging 
after it several waggons, containing ten tons of bar-iron, ai 
the rate of about five miles an hour. Rees Jones, who 
worked at the fitting of the engine, and remembers its per- 
formances, says, “ She was used for bringing down metal from 
the furnaces to the Old Forge. She worked very well ; but 
frequently, from her weight, broke the tram-plates and the 
hooks between the trams. After working for some time in 
this way, she took a load of iron from Pen-y-darran down 
the Basin-road, upon which road she was intended to work. 
On the journey she broke a great many of the tram-plates, 
and before reaching the basin ran off the road, and had to 
be brought back to Pen-y-darran by horses. The engine 
was never after used as a locomotive."* __ 

It seems to have been felt that unless the road were 
entirely reconstructed so as to bear the heavy weight of the 
locomotive—so much greater than that of the tram- 
waggons, to carry which the original rails had been laid 
down-~—the regular employment of Trevithick’s high- 
pressure tram-engine was altogether impracticable; and as 
the owners of the works were not prepared to incur 80 
serious a cost, it was determined to take the locomotive off 
the road, and employ it as an engine for other purposes. It 
was accordingly dismounted, and used for some time after 
as & pumping-engine, for which purpose it was found well 
adapted. Trevithick himself seems from this time to have 
taken no further steps to bring the locomotive into general 
use. We find him, shortly after, engaged upon schemes of 
@ more promising character, abandoning the engine to other 


means of fanners in 1815. But the ance of the invention was recog- 
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locomotive was only four or five stimulated if not originated by ne- 
miles an hour, the blast was scarcely cessity, the steam-blast was cer- 
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' mechanical inventors, though little improvement was made 
-in it for several years. An imaginary difficulty seems to 
have tended, amongst other obstacles, to prevent ita 
adoption; viz., the idea that, if a heavy weight were 
placed behind the engine, the “grip” or “bite” of its 
smooth wheels upon the equally smooth iron rail, must 
necessarily be so slight that they would whirl round 
upon it, and, consequently, that the machine would not 
make progress. Hence Trevithick, in his patent, provided 
that the periphery of the driving-wheels should be made 
rough by the projection of bolts or cross-grooves, so that the 
adhesion of the wheels to the road might be secured. 

Following up the presumed necessity for a more effectual 
adhesion between the wheels and the rails, Mr. Blenkinsop 
of Leeds, in 1811, took out a patent for a racked or tooth- 
rail laid along one side of the road, into which the toothed- 
wheel of his locomotive worked as pinions work into a 
rack. The boiler of his engine was supported by a carriage 
with four wheels without teeth, and rested immediately 
upon the axles. These wheels were entirely independent of 
the working parts of the engine, and therefore merely sup- 
ported its weight upon the rails, the progress being effected 
by means of the cogged-wheel working into the cogged-rail. 
The engine had two cylinders, instead of one as in Trevi- 
thick’s engine. The invention of the double cylinder was 
due to Matthew Murray, of Leeds, one of the best mechanical 
engineers of his time; Mr. Blenkinsop, who was not a 
mechanic, having consulted him as to all the practical 
arrangements. ‘I'he connecting-rods gave the motion to 
two pinions by cranks at right angles to each other; these 
pinions communicating the motion to the whecl which 
worked into the cogged-rail. 

Mr. Blenkinsop’s engines began running on the railway 
from the Middleton Collieries to Leeds, about 34 miles, 
on the 12th of August, 1812. They continued for many 
years to be one of the principal curiosities of the place, and 
were visited by strangers from all parts, In 1816, the 
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Grand Duke Nicholas (afterwards Emperor) of Ruasia 
observed the working of Blenkinsop’s locomotive with 
curious interest and admiration. An engine dragged as 
many as thirty coal-waggons at a speed of about 3 miles 
per hour. These engines continued for many years to be 
thus employed in the haulage of coal, and furnished the 
first instance of the regular employment of locomotive 
power for commercial purposes. 

The Messrs. Chapman, of Newcastle, in 1812, endeavoured 
to overcome the same fictitious difficulty of the want of 
adhesion between the wheel and the rail, by patenting a 
locomotive to work along the road by means of a chain 
stretched from one end of it to the other. This chain was 
passed once round a grooved barrel-wheel under the centre 
of the engine: so that, when the wheel turned, the loco- 
motive, as it were, dragged itself along the railway. An 
engine, constructed after this plan, was tried on the Heaton 
Railway, near Newcastle; but it was so clumsy in its 
action, there was so great a loss of power by friction, and it 
was found to be so expensive and difficult to keep in repair, 
that it was soon abandoned. Another remarkable expedient 
was adopted by Mr. Brunton, of the Butterley Works, 
Derbyshire, who, in 1813, patented his Mechanical Traveller, 
to go upon legs working alternately like those of a horse.* 
But this engine never got beyond the experimental state, 
for, at its very first trial, the driver, to make sure of a good 
start, overloaded the safety-valve, when the boiler burst and 
killed a number of the bystanders, wounding many more. 
These, and other contrivances with the same object, pro- 
jected about the same time, show that invention was 
actively at work, and that many minds were anxiously 


* Other machines, with legs, 
were patented in the following 
hag by Lewis Gompertz and by 

omas Tindall. In Tindall’s 

ification it is provided that 
the power of the engine is to be 


assisted by a horizontal windmill ; 
and the four pushers, or legs, are 
to be caused to come successively 
in contact with the ground, and 


impel the carriage ! 
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labouring to solve the important problem of locomotive 
* traction upon railways. 

But the difficulties contended with by these early in- 
ventors, and the step-by-step progress which they made, will 
probably be best illustrated by the experiments conducted 
by Mr. Blackett, of Wylam, which are all the more worthy 
of notice, as the persevering efforts of this gentleman in a 
great measure paved the way for the labours of George 
Stephenson, who, shortly after, took up the question of 
steam locomotion, and brought it to a successful issue. 

The Wylam waggon-way is one of the oldest in the north 
of England. Down to the year 1807 it was formed of 
wooden spars or rails, laid down between the colliery at 
Wylam—where old Robert Stephenson had worked—and 
the village of Lemington, some four miles down the Tyne, 
where the coals were loaded into keels or barges, and 
floated down past Newcastle, to be shipped for London. 
Each chaldron-waggon had a man in charge of it, and was 
originally drawn by one horse. The rate at which the 
waggons were hauled was so slow that only two journeys 
were performed by each man and horse in one day, and 
three on the day following. This primitive waggon-way 
passed, as before stated, close in front of the cottage in 
which George Stephenson was born ; and one of the earliest 
sights which met his infant eyes was this wooden tramroad 
worked by horses. 

Mr. Blackett was the first colliery owner in the North 
who took an active interest in the locomotive. Having 
formed the acquaintance of Trevithick in London, and 
inspected the performances of his engine, he determined to 
repeat the Pen-y-darran experiment upon the Wylam 
waggon-way. He accordingly obtained frem Trevithick, in 
October, 1804, a plan of his engine, provided with “ friction- 
wheels,” and employed Mr. John Whinficld, of Pipewellgate, 
Gateshead, to construct it at his foundry there. The 
engine was constructed under the superintendence of one 
John Steele, an ingenious mechanic who had been in 
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Wales, and worked under Trevithick in fitting the engine 
at Pen-y-darran. When the Gateshead locomotive was 
finished, a temporary way was laid down in the works, on 
which it was run backwards and forwards many times. For 
some reason, however—it is said because the engine was 
deemed too light for drawing the coal-trains—it never left 
the works, but was dismounted from the wheels, and set to 
blow the cupola of the foundry, in which service it long 
continued to be employed. 

Several years elapsed before Mr. Blackett took any further 
steps to carry out his idea. The final abandonment of 
Trevithick’s locomotive at Pen-y-darran perhaps contributed 
to deter hin from proceeding further; but he had the 
wooden tramway taken up in 1808, and a plate-way of cast- 
iron laid down instead—a, single line furnished with sidings 
to enable the laden waggons to pass the empty ones. The 
new iron road proved so much smoother than the old 
wooden one, that a single horse, instead of drawing one, 
was now enabled to draw two, or even three, laden 
Wagons. 

Encouraged by the success of Mr. Blenkinsop’s experi- 
ment at Leeds, Mr. Blackett determined to follow his 
example; and in 1812 he ordered a second engine, to 
work with a toothed driving-wheel upon a rack-rail. This 
locomotive was constructed by Thomas Waters, of Gates- 
head, under the superintendence of Jonathan Foster, Mr. 
Blackett’s principal engine-wright. It was a combination 
of Trevithick’s and Blenkinsop’s engines; but it was of a 
more awkward construction than either. The boiler was of 
cast-iron. ‘I'he engine was provided with a single cylinder 
six inches in diameter, with a fly-wheel working at one side 
to carry the crank over the dead points. Jonathan Foster 
described it to the author in 1854, as “a strange machine, 
with lots of pumps, cog-wheels, and plugs, requiring con- 
stant attention while at work.” The weight of the whole 
was about six tons. 

When finished, it was conveyed to Wylam on a waggon, 
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and there mounted upon a wooden frame supported by four 
pairs of wheels, which had been constructéd for its recep- 
tion. A barrel of water, placed on another frame upon 
wheels, was attached to it as a tender. After a preat deal 
of labour, the cumbrous machine was got upon the road. At 
first it would not move an inch. Its maker, Tommy 
Waters, became impatient, and at length enraged, and 
taking hold of the lever of the safety valve, declared in his 
desperation, that “either she or he should go.” At length 
the machinery was set In motion, on which, as Jonathan 
Foster described to the author “she flew all to pieces, and, 
it was the biggest wonder i’ the world that we were not all 
blewn up.” The incompetent and useless engine was 
declared to be a failure; it was shortly after dismounted 
and sold; and Mr. Blackett’s praiseworthy efforts thus 
far proved in vain. 

He was still, however, desirous of testing the practi- 
cability of employing locomotive power in working the coal 
down to Lemington, and he determined on another trial. 
He accordingly directed his engine-wright to proceed with 
the building of a third engine in the Wylam workshops. This 
new locomotive had a single 8-inch cylinder, was provided 
with a fly-wheel like its predecessor, and the driving-wheel 
was cogged on one side to enable it to travel in the rack-rail 
laid along the road. This engine proved more successful 
than the former one; and it was found capable of dragging 
eight or nine loaded waggons, though at the rate of little 
more than a mile an hour, from the colliery to the shipping- 
place. It sometimes took six hours to perform the journey 
of five miles. Its weight was found too great for the road, 
and the cast-iron plates were constantly breaking. It was 
also very apt to get off the rack-rail, and then it stood still. 
The driver was one day asked how he got on? “Get on?” 
said he, “we don’t get on; we only get off!” On such 
occasions, horses had to be sent to drag the waggons aa 
before, and others to haul the engine back to the work- 
shops. It was constantly getting out of order; its plugs, 
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pumps, or cranks, got wrong; it was under repair as often 
as at work; at length it became so cranky that the horses 
were usually sent out after it to drag it when it gave up; 
and the workmen generally declared it to be a “ perfect 
plague.” Mr. Blackett did not obtain credit amongst his 
neighbours for these experiments. Many laughed at his 
machines, regarding them only in the light of crotchets,— 
frequently quoting the proverb that “a fool and his money 
are soon parted.” Others regarded them as absurd innova- 
tions on the established method of hauling coal; and pro- 
nounced that they’ would “never answer.” 

Notwithstanding, however, the comparative failure of 
this second locomotive, Mr. Blackett persevered with his 
experiments. He was zealously assisted by Jonathan 
Foster the engine-wright, and William Hedley, the viewer 
of the colliery, a highly ingenious person, who proved of 
great use in carrying out the experiments to a successful 
issue. One of the chief causes of failure being the rack-rail, 
the idea occurred to Mr. Hedley that it might be possible to 
secure adhesion enough between the wheel and the rail by 
the mere weight of the engine, and he proceeded to make a 
series of experiments for the purpose of determining this 
problem. He had a frame placed on four wheels, and fitted 
‘up with windlasses attached by gearing to the several 
wheels. The frame having been properly weighted, six 
men were set to work the windlasses; when it was found 
that the adhesion of the smooth wheels on the smooth rails 
was quite sufficient to enable them to propel the machine 
without slipping. Having found the proportion which the 
power bore to the weight, he demonstrated by successive 
experiments that the weight of the engine would of itself 
produce sufficient adhesion to enable it to draw upon a 
smooth railroad the requisite number of waggons in all 
kinds of weather. And thus was the fallacy which had 
heretofore prevailed on this subject completely exploded, 
and it was satisfactorily proved that rack-rails, toothed 
wheels, endless chains, and legs, were alike unnecessary for 
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the efficient traction of loaded waggons upon a moderately 
level road. 

From this time forward considerably less difficulty was 
experienced in working the coal trains upon the Wylam 
tramroad. At length the rack-rail was dispensed with. 
The road was laid with heavier rails; the working of the 
old engine was improved; and a new engine was shortly 
after built and placed upon the road, still on eight wheels, 
driven by seven rack-wheels working inside them—with a 
wrought-iron boiler through which the flue was returned so 
as largely to increase the heating surface, and thus give 


increased power to the engine, 
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Improved Wylam Engine. 


As may readily be imagined, the jets of steam from the 
piston, blowing off into the air at high pressure while the 
engine was in motion, caused considerable annoyance to 
horses passing along the Wylam road, at that time a public 
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highway. The nuisance was felt to be almost intolerable, 
and a neighbouring gentleman threatened to have it put 
down. To diminish the noise as much as possible, Mr. 
Blackett gave orders that so soon as any horse, or horses, 
came in sight, the locomotive was to be stopped, and the 
frightful blast of the engine thus suspended until the pass- 
ing animals had got out of hearing. Much interruption 
was thus caused to the working of the railway, and it 
excited considerable dissatisfaction amongst the workmen. 
The following plan was adopted to abate the nuisance: a 
reservoir was provided immediately behind the chimney (as 
shown in the preceding cut) into which the waste steam 
was thrown after it had performed its office in the cylinder ; 
and from this reservoir, the steam gradually escaped into 
the atmosphere without noise. 

While Mr. Blackett was thus experimenting and building 
locomotives at Wylam, George Stephenson was anxiously 
studying the same subject at Killingworth. He was no 
sooner appointed engine-wright of the collieries than his 
attention was directed to the means of more economically 
hauling the coal from the pits to the river-side. We have 
seen that one of the first important improvements which he 
made, after being placed in charge of the colliery machinery, 
was to apply the surplus power of a pumping steam-engine, 
fixed underground, to drawing the coals out of the deeper 
workings of the Killingworth mines,—by which he suc- 
ceeded in effecting a large reduction in the expenditure on 
manual and horse labour. 

The coals, when brought above ground, had next to be 
laboriously dragged by horses to the shipping staiths on the 
Tyne, several miles distant. The adoption of a tramroad, 
it is true, had tended to facilitate their transit: neverthe- 
less the haulage was both fedious and costly. With the 
view of economising labour, Stephenson laid down inclined 
planes where the nature of the ground would admit of this 
expedient. Thus, a tram of full waggons let down the 
incline by means of a rope running over wheels laid along 
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the tramroad, the other end of which was attached to a 
train of empty waggons placed at the bottom of the parallel 
road on the same incline, dragged them up by the simple 
power of gravity. But this applied only to a comparatively 
small part of the road. An economical method of working 
the coal trains, instead of by horses,—the keep of which was 
at that time very costly, from the high price of corn,—was 
still a great desideratum; and the best practical minds in 
the collieries were actively engaged in the attempt to solve 
the problem, 

In the first place Stephenson resolved’ to make himself 
thoroughly acquainted with what had already been done. 
Mr. Blackett’s engines were working daily at Wylam, past 
the cottage where he had been burn; and thither he fre- 
quently went to inspect the improvements made by Mr. 
Blackett from time to time both in the locomotive and in 
the plateway along which it worked. Jonathan Foster 
informed us that, after one of these visits, Stephenson 
declared to him his conviction that a much more effective 
engine might be made, that should work more steadily and 
draw the load more effectively. 

He had also the advantage, about the same time, of seeing | 
one of Blenkinsop’s Leeds engines, which was placed on the 
tramway leading from the collieries of Kenton and Cox- 
lodge, on the 2nd September, 1813. This locomotive drew 
sixteen chaldron waggons containing an aggregate weight 
of seventy tons, at the rate of about three miles an hour. 
George Stephenson and several of the Killingworth men 
were amongst the crowd of spectators that day; and after 
examining the engine and observing its performances, he 
observed to his companions, that “he thought he could 
make a better engine than that, to go upon legs.” Probably 
he had heard of the invention of Brunton, whose patent 
had by this time been published, and proved the subject of 
much curious speculation in the colliery districts. Certain 
it is, that, shortly after the inspection of the Coxlodge 
engine, he contemplated the construction of a new locomo- 
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tive, which was to surpass all that had preceded it. He 
observed that those engines which had been constructed up 
to this time, however ingenious in their arrangements, had 
proved practical failures. Mr. Blackett’s was as yet both 
clumsy and expensive. Chapman’s had been removed frora 
the Heaton tramway in 1812, and was regarded as a total 
failure. And the Blenkinsop engine at Coxlodge was found 
very unsteady and costly in its working; besides, it pulled 
the rails to pieces, the entire strain being upon the rack- 
rail on one side of the road. The boiler, however, having 
soon after blown up, there was an end of that engine; and 
the colliery owners did not feel encouraged to try any 
further experiment, 

An efficient and economical working locomotive, there- 
fore, still remained to be invented ; and to accomplish this 
object Mr. Stephenson now applied himself. Profiting by 
what his predecessors had done, warned by their failures 
and encouraged by their partial successes, he commenced 
his labours. There was still wanting the man who should 
accomplish for the locomotive what James Watt had done 
for the steam-engine, and combine in a complete form the 
best points in the separate plans of others, embodying with 
them such original inventions and adaptations of his own as 
to entitle him to the merit of inventing the working loco- 
motive, in the same manner as James Watt is to be regarded 
as the inventor of the working condensing-engine. This 
was the great work upon which George Stephenson now 
entered, though probably without any adequate idea of 
the ultimate importance of his labours to society and 
civilization. i 

He proceeded to bring the subject of constructing a 
“ Travelling Engine,” as he then denominated the locomo- 
tive, under the notice of the lessees of the Killingworth 
Colliery, in the year 1813. Lord Ravensworth, the prin- 
cipal partner, had already formed a very favourable opinion 
of the new engine-wright, from the improvements which he 
had effected in the colliery engines, both above and below 
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ground; and, after considering the matter, and hearing 
Stephenson’s explanations, he authorised him to proceed 
with the construction of a locomotive,—though his lordship 
was, by some, called a fool for advancing money for such a 
purpose. ‘The first locomotive that I made,” said 
Stephenson, many years after,* when speaking of his early 
career at a public meeting in Newcastle, “was at Killing- 
worth Colliery, and with Lord Ravensworth’s money. Yes; 
Lord Ravensworth and partners were the first to entrust 
me, thirty-two years since, with money to make a locomo- 
tive engine. I said to my friends, there was no limit to 
the speed of such an engine, if the works could be made to 
stand.” 

Our engine-wright had, however, many obstacles to 
encounter before he could get fairly to work with the 
erection of his Jocomotive. His chief difficulty was in 
finding workmen sufficiently skilled in mechanics, and in 
the use of tools, to follow his instructions and embody his 
designs in a practical shape. The tools then in use about 
the collieries were rude and clumsy ; and there were no such 
facilities as now exist for turning out machinery of an 
entirely new character. Stephenson was under the neces- 
sity of working with such men and tools as were at his 
command; and he had in a great measure to train and 
instruct the workmen himself. The engine was built in 
the workshops at the West Moor, the leading mechanic 
employed being the colliery blacksmith, an excellent work- 
man in his way, though quite new to the work now 
entrusted to him. 

In this first locomotive constructed at Killingworth, 
Stephenson to some extent followed the plan of Blenkin- 
sop’s engine. The boiler was cylindrical, of wrought iron, 
8 feet in length and 34 inches in diameter, with an internal 
flue-tube 20 inches wide passing through it. The engine 


* Speech at the opening of the Newcastle and Darlington Railway 
June 18, 1844. 


Cnar. VY. STEPHENSON’S FIRST LOCOMOTIVE. 83 


had two vertical cylinders of 8 inches diameter, and 2 feet 
stroke, let into the boiler, working the propelling gear with 
cross heads and connecting rods. The power of the two 
cylinders was combined 
by means of spurwhcels, 
which communicated the ae 
motive power to the ee 
wheels supporting the ) 
engine on the rail, in- == : 
stead of, as in Blenkin- The Spur-gear. 
sop’s engine, to cogwhecls which acted on the cogged rail 
dependent of the four supporting wheels. The engine 
thus worked upon what is termed the second motion. The 
chimney was of wrought iron, round which was a chamber 
extending back to the fecd-pumps, for the purpose of heat- 
ing the water previous to its injection into the ‘boiler. The 
engine had no springs, and was mounted on a wooden 
frame supported on four wheels. In order to neutralise as 
much as possible the jolts and shocks which such an engine 
would necessarily encounter from the obstacles and inequali- 
ties of the then very imperfect plateway, the water-barrel 
which served for a tender was fixed to the end of a lever 
and weighted, the other end of the lever being connected 
with the frame of the locomotive carriage. By this means 
the weight of the two was more equally distributed, though 
the contrivance did not by any means compensate for tho 
absence of springs. 

The wheels of the locomotive were all smooth, Mr. 
Stephenson having satisfied himself by experiment that 
the adhesion between the wheels of a loaded engine and 
the rail would be sufficient for the purpose of traction. 
Robert Stephenson informed us that his father caused a 
number of workmen to mount upon the wheels of a waggon 
moderately loaded, and throw their entire weight upon the 
spokes on one side, when he found that the waggon could 
thus be easily propelled forward without the wheels slip- 
ping. This, together with other experiments, satisfied him 
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of the expediency of adopting smooth wheels on his engine, 
and it was so finished accordingly. 

The engine was, after much labour and anxiety, and fre- 
quent alterations of parts, at length brought to completion, 
having been about ten months in hand. It was placed upon 
the Killingworth Railway on the 25th July, 1814; and its 
powers were tried on the same day. On an ascending 
gradient of 1 in 450, the engine succeeded in drawing after 
it eight loaded carriages of thirty tons’ weight at about four 
miles an hour; and for some time after it continued regu- 
larly at work. 

Although a considerable advance upon previous locomo- 
tives, “ Blutcher” (as the engine was popularly called) was 
nevertheless a somewhat cumbrous and clumsy machine. 
The parts were huddled together. The boiler constituted 
the principal feature ; and being the foundation of the other 
parts, it was made to do duty not only es a generator of 
steam, but also as a basis for the fixings of the machinery 
and for the bearings of the wheels and axles. The want of 
springs was seriously felt; and the progress of the engine 
was a succession of jolts, causing considerable derangement 
to the machinery. The mode of communicating the motive 
power to the wheels by means of the spur-gear also caused 
frequent jerks, cach cylinder alternately propelling or be- 
coming propelled by the other, as the pressure of the one 
upon the wheels became greater or less than the pressure 
of the other ; and when the teeth of the cogwheels became 
at all worn, a rattling noise was produced during the tra- 
velling of the engine. 

As the principal test of the success of the locomotive was 
‘tg economy as compared with horse power, careful calcula- 
ions were made with the view of ascertaining this 
important point. The result was, that it was found the 
working of the engine was at first barely economical ; and 
it the end of the year the steam power and the horse power 
were ascertained to be as nearly as possible upon a par in 
point of cost. The fate of the locomotive in a great 
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measure depended on this very engine. Its speed was not 
beyond that of a horse’s walk, and the heating surface pre- 
sented to the fire being comparatively small, sufficient steam 
could not be raised to enable it to accomplish more on an 
average than about four miles an hour. The result was 
anything but decisive; and the locomotive might have been 
condemned as useless, had not our engineer at this juncture 
applied the steam-blast, and by its means carried his expe- 
riment to a triumphant issue. 

The steam, after performing its duty in the cylinders, 
was at first allowed to escape into the open atmosphere 
with a hissing blast, to the terror of horses and cattle. It 
was complained of as a nuisance; and an action at law 
against the colliery lessees was threatened unless it was 
stopped. Stephenson’s attention had been drawn to the 
much greater velocity with which the steam issued from the 
exit pipe compared with that at which the smoke escaped 
from the chimney. He conceived that, by conveying the 
eduction steam into the chimney, by means of a small pipe, 
after it had performed its office in the cylinders, allowing 
it to escape in a vertical direction, its velocity would be 
imparted to the smoke from the fire, or to the ascending 
current of air in the chimncy, thereby increasing the draft, 
and consequently the intensity of combustion in the furnace. 

The experiment was no sooner made than the power of 
the engine was at once more than doubled ; combustion was 
stimulated by the blast ; consequently the capability of the 
boiler to generate steam was greatly increased, and the 
effective power of the engine augmented in precisely the 
same proportion, without in any way adding to its weight. 
This simple but beautiful expedient was really fraught with 
the most important consequences to railway communication ; 
and it is not too much to say that the success of the loco- 
motive has in a great measure been the result of its adop- 
tion. Without the steam-blast, by means of which the 
intensity of combustion is maintained at its highest point, 
producing a correspondingly rapid evolution of steam, high 
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rates of speed could not have been kept up; the advantages 
of the multitubular boiler (afterwards invented) could never 
have been fairly tested; and locomotives might still have 
been dragging themselves unwieldily along at little more 
than five or six miles an hour. 

Tho steam-biast had scarcely been adopted, with so 
decided a success, when Stephenson, observing the numer- 
ous defects in his engine, and profiting by the expo 
rience which he had already acquired, determined to 
construct a second engine, in which to embody his improve- 
ments in their best form. Careful and cautious observation 
of the working of his locomotive had convinced him that 
the complication arising out of the action of tho two 
cylinders being combined by spur-wheels would prevent 
its coming into practical use. He accordingly directed his 
attention to an entire change in the construction and 
mechanical arrangements of the machine; and in the 
following year, conjointly with Mr. Dodds, who provided 
the necessary funds, he took out a patent, dated the 28th 
of February, 1815, for an engine which combined in a 
remarkable degres the essential requisites of an economical 
locomotive; that is to say, few parts, simplicity in their 
action, and directness in the mode by which the power was 
communicated to the wheels supporting the engine. 

This locomotive, like the first, had two vertical cylinders, 
which communicated directly with each pair of the four 
wheels that supported the engine, by means of a cross head 
and & pair of connecting rods. But in attempting to 
establish a direct communication between the cylinders and 
the wheels that rolled upon the rails, considerable difficulties 
presented themselves. The ordinary joints could not be 
employed to unite the parts of the engine, which was a 
rigid mass, with the wheels rolling upon the irregular 
surface of the rails; for it was evident that the two rails 
of the line of way—more especially in those early days of 
imperfect construction of the permanent road—could not 
always be maintained at the same level,—that the wheel at 
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one end of the axle might be depressed into one part of the 
line which had subsided, whilst the other wheel would be 
comparatively elevated ; and in such a position of the axle 
and wheels, it was obvious that a rigid communication 
between the cross head and the wheels was impracticable. 
Hence it became necessary to form a joint at the top of the 
piston-rod. where it united with the cross head, so as to 
permit the cross head to preserve complete parallelism 
with the axle of the wheels with which it was in com- 
munication. 

In order to obtain that degree of flexibility combined 
with direct action, which was essential for ensuring power 
and avoiding needless friction and jars from irregularities 
in the road, Stephenson made use of the “ ball and socket” 
joint for effecting a union between the ends of the cross 
heads where they united with the connecting rods, and 
between the ends of the connecting rods where they were 
united with the crank-pins attached to each driving-wheel. 
By this arrangement the parallelism between the cross 
head and the axle was at all times maintained and preserved, 
without producing any serious jar or friction on any part of 
the machine. Another important point was, to combine 
each pair of whecls by means of some simple mechanism 
instead of by the cogwheels which had formerly been used. 
And, with this object, Stephenson made cranks in each axle 
at right angles to each other, with rods communicating 
horizontally between them. 

A locomotive was constructed upon this plan in 1815, 
and was found to answer extremely well. But at that 
period the mechanical skill of the country was not equal to 
forging cranked axles of the soundness and strength neces- 
sary to stand the jars incident to locomotive work. Stephen- 
son was accordingly compelled to fall back upon a substitute, 
which, although less simple and efficient, was within the 
mechanical capabilities of the workmen of that day, in 
respect of construction as well as repair. He adopted a 
chain which rolled over indented wheels placed on the 
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centre of each axle, and was so arranged that the two pairs 
of wheels were effectually coupled and made to keep pace 
with each other. The chain, however, after a few years’ 
use, became stretched; and then the engines were liable to 
irregularity in their working, especially in changing from 
working back to working forward again. Eventually the 
chain was laid aside, and the front and hind wheels were 
united by rods on the outside, instead of by rods and crank 
axles inside, as specified in the original patent. This expe- 
dient completely answered the purpose required, without 
involving any expensive or difficult workmanship. 

Thus, in 1815, by dint of patient and persevering labour, 
——by careful observation of the works of others, and never 
neglecting to avail himself of their suggestions,—Stephenson 
succeeded in manufacturing an engine which included tho 
following impurtant improvements on all previous attempts 
in the same direction :—viz., simple and direct communica- 
tion between the cylinders and the wheels rolling upon the 
rails; joint adhesion of all the wheels, attained by the use 
of horizontal connecting-rods; and finally, a beautiful 
method of exciting the combustion of the fuel by employing 
the waste steam, which had formerly been allowed to escape 
uselessly into the air. Although many improvements in 
detail were afterwards introduced in the locomotive by 
George Stephenson himself, as well as by his equally dis- 
tinguished son, it is perhaps not too much to say that this 
engine, as a mechanical contrivance, contained the germ of 
all that has since been effected. It may in fact be regarded 
as the type of the present locomotive engine. 
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CHAPTER VL 


INVENTION oF THE “Grorpy” Sarery-Lamp. 


Exptosions of fire-damp were unusually frequent in the 
coal mines of Northumberland and Durham about the time 
when George Stephenson was engaged in the construction 
of his first looumotives. These explosions were often 
attended with foarful loss of life and dreadful suffering to 
the workpeople. Killingworth Colliery was not free from 
such deplorable calamities ; and during the time that Ste- 
phenson was employed as a brakesman at the West Moor, 
several “blasts” took place in the pit, by which many 
workmen were scorched and killed, and the owners of the 
colliery sustained heavy losses. One of the most serious of 
these accidents occurred in 1806, not long after he had been 
appointed brakesman, by which 10 porsons were killed. 
Stephenson was working at the mouth of the pit at the 
time, and the circumstances connected with the accident 
made a deep impression on his mind. 

Another explosion took place in the same pit in 1809, by 
which 12 persons lost their lives. The blast did not reach 
the shaft as in the former case; the unfortunate persons in 
the pit having been suffocated by the atter-damp. More 
calamitous still were the explosions which took place in the 
neighbouring collieries ; one of the worst being that of 1812, 
in the Felling Pit, near Gateshead, by which no fewer than 
90 men and boys were suffocated or burnt to death. And 
@ similar accident occurred in the same pit in the year fol- 
lowing, by which 22 persons perished. 

It was natural that George Stephenson should devote his 
attention to the causes of these deplorable accidents, and to 
the means by which they might if possible be prevented. 
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His daily occupation led him to think much and deeply on 
the subject. As engine-wright of a colliery so extensive as 
that of Killingworth, where there were nearly 160 miles of 
gallery excavation, in which he personally superintended the 
working of the inclined planes along which the coals were 
sent to the pit entrance, he was necessarily very often under- 
ground, and brought face to face with the dangers of fire-damp. 
From fissures in the roofs of the galleries, carburetted hydro- 
gen gas was constantly flowing; in some of the more dan- 
gerous places it might be heard escaping from the crevices 
of the coal with a hissing noise. Ventilation, firing, and all 
conceivable modes of drawing out the foul air had been 
adopted, and the more dangerous parts of the galleries were _ 
built up. Still the danger could not be wholly prevented. 
‘The miners must necessarily guide their steps through the 
extensive underground wayr with lighted lamps or candles, 
the naked flame of which, coming in contact with the inflam- 
mable air, daily exposed them and their fellow-workers in 
the pit to the risk of death in one of its most dreadful 
forms. 

One day, in 1814, a workman hurried into Stephenson’s 
cottage with the startling information that the deepest 
maiu of the colliery was on fire! He immediately hastened 
to the pit-head, about a hundred yards off, whither the 
women and children of the colliery were running, with 
wildness and terror depicted in every face. In a com- 
manding voice Stephenson ordered the engineman to lower 
him down the shaft in the corve. There was peril, it 
might be death, before him, but he must go. 

He was soon at the bottom, and in the midst of the men, 
who were paralysed by the danger which threatened the 
lives of all in the pit. Leaping from the corve on its 
touching the ground, he called out; “Are there six men 
among you who have courage to follow me? If so, come, 
and we will put the fire out.” The Killingworth pitmen 
had the most perfect confidence in their engine-wright, and 
they readily volunteered to follow him. Silenoo succeeded 
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The Pit Head, West Moor, 


the frantic tumult of the previous minute, and the men 
set to work with a will. In every mine, bricks, mortar, 
and tools enough are at hand, and by Stephenson’s direction 
the materials were forthwith carried to the required spot, 
where, in a very short time a wall was raised at the 
entrance to the main, he himself taking the most active part 
in the work. The atmospheric air was by this means 
excluded, the fire was extinguished, the people were saved 
from death, and the mine was preserved. 

This anecdote of Stephenson was related to the writer, 
near the pit-mouth, by one of the men who had been 
present and helped to build up the brick wall by which tho 
fire was stayed, though soveral workmen wero suffocated. 
He related that, when down the pit some days after, seeking 
out the dead bodies, the cause of the accident was the 
subject of conversation, and Stephenson was asked, “Can 
nothing be done to prevent such awful occurrences?” His 
reply was that he thought something might be done. 
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“Then,” said the other, “the sooner you start the better; 
for the price of coal-mining now is pttmen’s lres.” 

Fifty years since, many of the best pits wore so full of 
the inflammable gas given forth by the coal, that they could 
not be worked without the groatest danger; and for this 
reason some were altogether abandoned, The rudest possible 
methods were adopted of producing light sufficient to enable 
the pitmen to work by. The phosphorescence of decayed 
fish-skins was tried; but this, though safe, was very in- 
efficient. The most common method employed was what 
was called a steel mill, the notched wheel of which, being 
made to revolve against a flint, struck a succession of sparks, 
which scarcely served to do more than make the darkness 
visible. A boy carried the apparatus after the miner, 
working the wheel, and by the imperfect light thus given 
forth he plied his dangerous trade. Candles were only used 
in thoso parts of the pit where gas was not abundant. 
Under this rude system not more than one-third of the coal 
could be worked; and two-thirds were left. 

What the workmen, not less than the coal-owners, eagerly 
desired was, a lamp that should give forth sufficient light, 
without communicating flame to the inflammable gas which 
accumulated in certain parts of the pit. Something had 
already been attempted towards the invention of such a 
lamp by Dr. Clanny, of Sunderland, who, in 1813, contrived 
an apparatus to which he gave air from the mine through 
water, by means of bellows. This lamp went out of itself 
in inflammable gas. It was found, however, too unwieldy 
to be used by the miners for the purposes of their work, and 
did not come into general use. A committee of gentlemen 
was formed to investigate the causes of the explosions, and 
to devise, if possible, some means of preventing them. At 
the invitation of that Committee, Sir Humphry Davy, then 
in the full zenith of his reputation, was requested to turn 
his attention to the subject. He accordingly visited the 
collieries near Newcastle on the 24th of August, 1815; and 
on the 9th of November following, he read before the Royal 
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Society of London his celebrated paper “On the Fire-Damp 
of Coal Mines, and on Methods of lighting the Mine so as to 
prevent its explosion.” 

But a humbler though not less diligent and original 
thinker had been at work before him, and had already prac- 
tically solved the problem of the Safety-Lamp. Stephenson 
was of course well aware of the anxiety which prevailed in 
the colliery districts as to the invention of a lamp which 
should give light enough for the miners to work by without 
exploding the fire-damp. The painful incidents above 
described only served to quicken his eagerness to master 
the difficulty. 

For several years he had been engaged, in his own rude 
way, in making experiments with the fire-damp in the 
Killingworth mine. The pitmen used to expostulate with 
him on these occasions, believing his experiments to be 
fraught with danger. One of the sinkers, observing him 
holding up lighted candles to the windward, of the 
“blower” or fissure from which the inflammable gas 
escaped, entreated him to desist; but Stephenson’s answer 
was, that “he was busy with a plan by which he hoped 
to make his experiments useful for preserving men’s lives.” 
On these occasions the miners usually got out of the way 
before he lit the gas. 

In 1815, although he was very much occupied with the 
business of the collieries and the improvement of his loco- 
motive engine, he was also busily engaged in making 
experiments upon inflammable gas in the Killingworth 
pit. According to the explanation afterwards given by him, 
he imagined that if he could construct a lamp with a 
chimney so arranged as to cause a strong current, it would 
not fire at the top of the chimney ; as the burnt air would 
ascend with such a velocity as to prevent the inflammable 
air of the pit from descending tewards the flame ; and such 
a lamp, he thought, might be taken into a dangerous 
atmosphere without risk of exploding. 

Such was Stephenson’s theory when he proceeded to 
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embody his idea of a miner's’ safety-lamp in a practical 
form. In the month of August, 1815, he requested his 
friend Nicholas Wood, the head viewer, to prepare a draw- 
ing of a lamp according to the description which he gave 
him. After several evenings’ careful deliberations, the 
drawing was made, and shown to several of the head men 
about the works. 

Stephenson proceeded to order a lamp to be made by 
a Newcastle tinman, according to his plan; and at the same 
time he directed a glass to be made for the lamp at the 
Northumberland Glass House. Both were received by him 
from the makers on the 21st October, and the lamp was 
taken to Killingworth for the purpose of immediate experi- 
ment. 

“T remember that evening as distinctly as if it had been 
but yesterday,” said Robert Stephenson, describing the 
circumstances to the author in 1857: “ Moodie came to our 
cottage about dusk, and asked, ‘if father had got back yet 
with the lamp?’ ‘No.’ ‘Then Vl wait till he comes,’ 
said Moodie, ‘he can’t be long now.’ In about half-an- 
hour, in came my father, his face all radiant. He had the 
lamp with him! It was at once uncovered, and shown to 
Moodie. Then it was filled with oil, trimmed, and lighted. 
All was ready, only the head viewer hadn’t arrived. ‘Run 
over to Benton for Nichol, Robert,’ said my father to me, 
‘and ask him to come directly; say we're going down the 
pit to try the lamp.’ By this time it was quite dark; and 
off I ran to bring Nicholas Wood. His house was at 
Benton, about a mile off. There was a short cut through 
the Churchyard, but just as I was about to pass the wicket, 
I saw what I thought was a white figure moving about 
amongst the grave-stones. I tovk it for a ghost! My heart 
fluttered, and I was in a great fright, but to Wood's house I 
must get, so I made the circuit of the Churchyard; and 
when I got round to the other side I looked, and lo! the 
figure was still there. But what do you think it was? 
Only the grave-digger, plying his work at that late hour by 
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the light of his lanthorn set upon one of the gravestones! 
I found Wood at home, and in a few minutes he was 
mounted and off to my father’s. When I got back, I was 
told they had just left—it was then about eleven—and 
gone down the shaft to try the lamp in one of the most 
dangerous parts of the mine.” 

Arrived at the bottom of the shaft with the lamp, the party 
directed their steps towards one of the foulest galleries in the 
pit, where the explosive gas was issuing through a blower in 
the roof of the mine with a loud hissing noise. By erecting 
some deal boarding round that part of the gallery into which 
the gas was escaping, the air was made more foul for the pur- 
pose of the experiment. After waiting about an hour, Moodie, 
whose practical experience of fire-damp in pits was greater 
than that of either Stephenson or Wood, was requested to 
go into the place which had thus been made foul; and, 
having done so, he returned, and told them that the smell 
of the air was such, that if a lighted candle were now 
introduced, an explosion must inevitably take place. He 
cautioned Stephenson as to the danger both to themselves 
and to the pit, if the gas took fire. But Stephenson 
declared his confidence in the safety of his lamp, and, 
having lit the wick, he boldly procceded with it towards 
the explosive air. The others, more timid and doubtful, 
hung back when they came within hearing of the blower ; 
and apprehensive of the danger, they retired into a safe 
place, out of sight of the lamp, which gradually dis- 
appeared with its bearer in the recesses of the mine.* 


* The Editor of the ‘ Athensum’ 
having (Noy. 8th, 1862), charac- 
terized the author’s account of 
this affair as “perfectly untrue” 
and a “fiction,” 1t becomes neces- 
sary to sny a few words in expla- 
nation of it. The Editor of the 
‘Atheneum’ quotes in support of 
his statoment a passage from Mr. 


Nicholas Wood, who, however does | au 


not say that the anecdote is “ per- 
fectly untrue,” but merely that 
“the danger was not quite so great 
as is represented:” he adds that 
“at mivst an explosion might have 
burnt the hands of the operator, 
but would not extend a few feet 
from the blower.” However that 
may be, we were not without good 


rity for making the origina! 
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Advancing to the place of danger, and entering within 
the fouled air, his lighted lamp in hand, Stephenson held 
it firmly out, in the full current of the blower, and 
within a few inches ofits mouth! Thus exposed, the flame 
of the lamp at first increased, then flickered, and then 
went out; but there was no explosion of the gas. Re- 
turning to his companions, who were still at a distance, 
he told them what had occurred. Having now acquired 
somewhat more confidence, they advanced with him to 4 


point from which they could observe him repeat his ex- 


periment, but still at a safe distance. 


statement. The facts were verbally 
communicated to the author in the 
first place by Robert Stephenson, 
to whom the chapter was after- 
wards read in MS., in the presence 
of Mr. Sopwith, F.R.S. at Mr. 
Stephenson’s house in Gloucester 
Square, and received his entire 
approval. But at the time at which 
Mr. Stephenson communicated the 
verbal information, he also handed 
a little book with his name written 
in it, still in the author’s possession, 
saying, “ Read that, you will find 
it all there.” We have again re- 
ferred to the little book which 
contains, among other things, a 
pamphlet, entitled Report on the 
Claims of Mr. George Stephenson 
relative to the Invention of hia 
Safety Lamp. By the Committee 
appotnted at a Meeting holden in 
Newcastle, on this lst of November, 
1817. With an Appendix contain- 
ing the Ewidence. Among the 
witnesses examined were George 
Stephenson, Nicholas Wood, and 
John Moodie, and their evidence is 
given in the phlet. We quote 
that of Stephenson and Moodie, 
which was not con , but in 
all material points confirmed by 
Wood, and was published, we be- 
liove, with his sanction. George 


They saw that 


Stephenson said, that he tried the 
first lamp “ina part of the mine 
where the air was highly explo- 
sive, Nicholas Wood and John 
Moodie were his companions when 
the trial was made. They became 
frightened when they came within 
hearing of the blower, and would 
not go any further. Mr. Stephen- 
son went alone with the lamp to 
the mouth of the blower,” &c. 
This evidence was confirmed ‘by 
John Moodie, who said the air of 
the place where the experiment 
was about to be tried was such, 
that, if a lighted candle had been 
introduced, an explosion would 
have taken place that would have 
been “extremely dangerous.” “Told 
Stephenson it was foul, and hinted 
&t the danger; nevertheless, 
Stephenson would try the lamp, 
confiding in its safety. Stephen- 
son took the lamp and went with 
it into the place in which Moodie 
had been, and Moodie and Wood, 
apprehensive of the danger, retired 
to a greater distence,” &. The 
other details of the statement made 
in the text, are fully borne out by 
the published evidence, the accu- 
racy of which, so far as the author 
is aware, has never before been 
celled in question, 
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when the lighted lamp was held within the explosive mix- 
ture, there was a great flame ; the lamp became almost full 
of fire; and then it smothered out. Again returning to his 
companions, he relighted the lamp, and repeated the experi- 
ment several times with the same result. At length Wood 
and Moodie ventured to advance close to the fouled part of 
the pit; and, in making some of the later trials, Mr. Wood 
himself held up the lighted lamp to the blower. 

Before leaving the pit, Stephenson expressed his opinion 
that by an alteration of the lamp which he then contem- 
plated, he could make it burn better ; this was by a chanye ia 
the shde through which the air was admitted into the lower 
part, under the flame. After making some experiments on 
the air collected at the blower, by bladders which were 
mounted with tubes of various diameters, he satisfied him- 
self that, when the tube was reduced to a certain diameter, 
the foul air would not pass through ; and he fashioned his 
slide accordingly, reducing the diameter of the tube until he 
conceived it was quite safe. In about a fortnight the 
experiments were repeated, in a place purposely made foul 
as before; on this occasion a larger number of persons ven- 
tured to witness them, and they again proved successful. 
The lamp was not yet, however, so efficient as the inventor 
desired. It required, he observed, to be kept very steady 
when burning in the inflammable gas, otherwise it was 
liable to go out, in consequence, as he imagined, of the 
contact of the burnt air (as he then called it), or azotic gas, 
which lodged round the exterior of the flame. If the lamp 
was moved horizontally, the azote came in contact with the 
flame and extinguished it. “It struck me,” said he, “ that if 
I put more tubes in, I should discharge the poisonous 
matter that hung round the flame, by admitting the air to 
its exterior part.” Although he had then no access to scien- 
tific books, nor intercourse with scientific men, nor anything 
that could assist him in his investigation, besides his own 
indefatigable spirit of inquiry, he contrived a rude apparatus 
by which he tested the explosive properties of the gas and 

Ve Hi 
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the velocity of current (for this was the direction of his 
Inquiries) necessary to enable the explusive gas to pass 
through tubes of different diameters. In making these 
experiments in his humble cottage at the West Moor, 
Nicholas Wood and George’s son Robert usually acted as 
his assistants, and sometimes the gentlemen of the neigh- 
bourhood interested in coal-mining attended as spectators. 

These experiments were not performed without risk, for 
on one occasion the experimenting party had nearly blown 
off the roof of the cottage. One of these “ blows up” was 
described by Stephenson himself before the Committee on 
Accidents in Coal Mines, in 1835: “I made several experi- 
meuts,” said he, “as to the velocity required in tubés of 
different diameters, to prevent explosion from fire-damp. 
We made the mixtures in all proportions of light car- 
buretted hydrogen with atmospheric air in the receiver, 
and we found by the experiments that when a current of 
the most explosive mixture that we could make was forced 
up a tube ,4, of an inch in diameter, the necessary current 
was 9 inches in a second to prevent its coming down that 
tube. Tchese experiments were repeated several times. We 
had two or three blows up in making the experimeuts, by 
the flame getting down into the receiver, though we had a 
piece of very fine wire-gauze put at the bottom of the pipe, 
between the recciver and the pipe through which we were 
forcing the current. In one of these experiments I was 
watching the flame in the tube, my son was talking the 
vibrations of the pendulum of the clock, and Mr. Wood 
was attending to give me the column of water as I called for 
it, to keep the current up to a certain point. As I saw 
the flame descending in the tube I called for more water, 
and Wood unfortunately turned the cock the wrong way , 
the current ceased, the flame went down the tube, and ali 
our implements were blown to pieces, which at the time 
we were not very able to replace.” 

Stephenson followed up those experiments by others of 
a similar kind, with the view of ascertaining whether or 
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dinary flame would pass through tubes of a small diameter, 
and with this object he filed off the barrels of several small 
keys. Placing these together, he held them perpendicularly 
over a strong flame, and ascertained that it did not pass 
upward. This was a further proof to him of the soundness 
of the course he was pursuing. 

In order to correct the defect of his first lamp he resolved 
to alter it so as to admit the air to the flame by several 
tubes of reduced diameter, instead of by a single tube. He 
inferred that a sufficient quantity of air would thus be intro- 
duced into the lamp for the purposes of combustion, while 
the smallness of the apertures would still prevent the ex- 
plosive gas passing downwards, at the same time that the 
“burnt air” (the cause, in his opinion, of the lamp going 
out) would be more effectually dislodged. He accordingly 
took the lamp to a tinman in Newcastle, and had it altered 
so that the air was admitted by three small tubes inserted 
in the bottom of the lamp, the openings of which were 
placed on the outside of the burner, instead of having (as in 
the original lamp) the one tube opening directly under the 
flame. : 

This second or altered lamp was tried in the Killingworth 
pit on the 4th November, and was found to burn better 
than the first, and to be perfectly safe. But as it did 
not yet come quite up to the mventor’s expectations, he 
procecded to contrive a third lamp, in which he proposed to 
surround the oil vessel with a number of capillary tubes. 
Then it struck him, that if he cut off the middle of the 
tubes, or made holes in metal plates, placed at a distance 
from each other, equal to the length of the tubes, the air 
would get in better, and the effect in preventing explosion 
would be the same. 

He was encouraged to persevere in the completion of his 
safety-lamp by the occurrence of several fatal accidents 
about this time in the Killingworth pit. On tho 9th 
November a boy was killed by a blast in the A pit, at the 
very place where Stephenson had made the experiments 
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with his first lamp; and, when told of the accident, he 
observed that if the boy had been provided with his laimp, 
his life would have been saved. On the 20th November he 
went over to Newcastle to order his third lamp from a 
plumber in that town. The plumber referred him to his 
clerk, whom Stephenson invited to join him at a neighbour- 
ing public-house, where they might quietly talk over the 
matter, and finally settle the plan of the new lamp. They 
adjourned to the “ Newcastle Arms,” near the present High 
Level Bridge, where they had some ale, and a design of the 
Jamp was drawn in pencil upon a nalf-shect of toolscap, with 
a rough specification subjomned. ‘The sketch, when shown to 
us by Robert Stephenson some years since, still bore the 
marks of the ale. It was a very rude design, but sufficient 
to work from. It was immediately placed in the hands of 
the workmen, finished in the course of a few days, and 
experimentally tested in the Killingworth pit like the 
previous lamps, on the 80th November. At that time 
neither Stephenson nor Wood had heard of Sir Wumphry 
Davy’'s experiments nor of the lamp which that gentleman 
proposed tv construct. 

An angry controversy afterwards took place as to the 
respective merits of George Stephenson and Sir Humphry 
Davy in respect of the invention of the safety-lamp. <A 
committee was formed on both sides, and the facts were 
stated in various ways. It is perfectly clear, however, that 
Stephenson had ascertained the fact that flame will not pass 
through tubes of a certain diameter—the principle on which 
the safety-lamp is constructed—before Sir Humphry Davy 
had formed any definite idea on the subject, or invented 
the model lamp afterwards exhibited by him before the 
Royal Society. Stephenson had actually constructed a 
lamp on such a principle, and proved its safety, before Sir 
Humphry had communicated his views on the subject to any 
person ; and by the time that the first public intimation had 
been given of his discovery, Stephenson’s second lamp had 
been constructed and tested in like manner in the Killing- 


Cuap, VI. STEPHENSON’S MERITS A€ AN INVENTOR, 101 


The Cover. ‘The Lamp. 


“eevee oe 


3 + pee ss eS 
BF nn °F st 


@eeee8@ 
22 ae. 


ae es a 


~ 


| 
', ‘| 
| 

| 
a | 
|!) 


66-06 





ait 





ally hs 


Davy’s Safety-Lamp. Stephenson's Satety-Lam)). 


worth pit. The first was tried on the 21st October, 1815 ; 
the second was tried on the 4th November ; but it was not 
until the 9th November that Sir Tumphry Davy presented 
his first lamp to the public. And by the 30th of the same 
month, as we have scen, Stephenson had constructed and 
tested his third safety-lamp. 

Stephenson's theory of the “ burnt air” and the “draught” 
was no doubt wrong; but his lamp was right, and that was 
the great fact which mainly concerned him. Torricelli did 
not know the rationale of his tube, nor Otto Girike that of 
his air-pump; yet no one thinks of denying them the 
merit of their inventions on that account. The discoveries 
of Volta and Galvani were in like manner independent. of 
theory ; the greatest discoveries consisting in bringing, to 
hight certain grand facts, on which theories are afterwards 
framed. Our inventor had been pursuing the Baconian 
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method, though he did not. think of that, but of inventing a 
pafe lamp, which he knew could only be done through the 
process of repeated experiment. He experimented upon the 
fire-damp at the blowers in the mine, and also by means of 
the apparatus which was blown up in his cottage, as above 
described by himself. By experiment he distinctly ascer- 
tained that the explosion of fire-damp could not pass through 
small tubes; and he also did what had not before been done 
by any inventor—he constructed a lamp on this principle, 
and repeatedly proved its safety at the msk of his life. At 
the same time, there is no doubt that it was to Sir Humphry 
Davy that the merit belonged of having pointed out the 
true law on which the safety-lamp is constructed. 

‘he subject of this important invention excited so much 
interest in the northern mining districts, and Stephen- 
son's numerous friends considered his lamp so completely 
successful— having stood the test of repeated experiments— 
that they urged him to bring his invention before the 
Philosophical and Literary Society of Newcastle, of whose 
apparatus he had availed himself in the course of his oxperi- 
ments on fire-damp. After much persuasion he consented, 
and a meeting was appointed for the purpose of receiving 
his explanations, on the evening of the 5th December, 1813. 
Stephenson was at that time so diffident in manner and 
unpractised in speech, that he took with him his friend 
Nicholas Wood, to act as his interpreter and expositor on tho 
occasion. From cighty to a hundred of the most intelligent 
members of the society were present at the meeting, when 
Mr. Wood stood forward tu expound the principles on which 
the lamp had been formed, and to describe the details of its 
construction. Several questions were put, to which Mr. 
Wood proceeded to give replies to the best of his knowledge. 
But Stephenson, who up to that time had stood behind 
Wood, screened from notice, observing that the explanations 
given were not quite correct, could no longer control his 
reserve, and, standing forward, he procceded in his strong 
Northumbrian dialect, to describe the lamp, down to its 
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minutest details. He thon produced several bladders full of 
carburetted hydrogen, which he had collected from the 
blowers in the Killingworth mine, and proved the safety 
of his lamp by numerous experiments with the gas, repeated 
iB various ways; his earnest and impressive manner exciting 
in the minds of his auditors the liveliest interest both im the 
inventor and his invention. 

Shortly after, Sir H. Davy’s model lamp was received 
and exhibited to the coal-mincrs at Newcastle, on which 
vecasion the observation was made by several gentlemen, 
“Why, it 1s the same as Stephenson's! ” 

Notwithstanding Stephenson’s claim to be regarded as the 
first inventor of the Tube Safety-lamp, his merits do not 
sec to have been generally recognised ; and Sir Humphry 
Davy carried off the larger share of the éclat which attached 
to the discovery. What chance had the unknown work- 
man Of Killingworth with so distinguished a competitor ? 
The one was as yet but a colliery engine-wright, scarce raised 
above the manual-labour class, pursuing his experiments in 
obscurity, with a view only to usefulness; the other was the 
scientific prodigy of his day, the most brillant of lecturers, 
wnd the most popular of philosophers. 

No small indignation was expressed by the friends of Sir 
Humphry Davy at Stephenson's “ presumption” in laying 
claim. to the invention of the safety-lamp. In 1831 Dr. Paris, 
in his ‘ Life of Sir Humphry Davy,’ thus wrote :—“It will 
hereafter be scarcely believed that an invention so eminently 
svicntific, and which could never have been derived but 
from the sterling treasury of science, should have been 
claimed on behalf of an engine-wright of Killingworth, of 
the name of Stephenson—a person not even possessing @ 
knowledge of the elements of chemistry.” 

But Stephenson was far above claiming for himself auy 
invention not his own. He had already accomphshed a far 
ercater feat than the making cf a safety-lamp—he had con- 
structed a successful locomotive, which was to be seen in 
daily work on the Killingworth railway. By the improvo- 
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ments he had made in the engine, he might almost be said 
to have invented it ; but no one—not even the philosophers— 
detected the significance of that wonderful machine. What 
railways were to become, rested ina great measure with that 
“engine-wright of Killingworth, of the name of Stephen- 
son,” though he was scarcely known as yet beyond the 
bounds of his own district. 

As to the value of the invention of the safety-lump there 
could be no doubt; and the colliery owners of Durham and 
Northumberland, to testify their sense of its importance, 
determined to present a testimonial to its inventor. The 
friends of Sir H. Davy met in August, 1816, to take steps 
for raising a subscription for the purpose. The advertised 
object of the meeting was to present hua with a reward for 
“the invention of his safety-lamp.” To this no objection 
rould be taken; for though the principle on which the 
safety-lamps of Stephenson and Davy were constructed was 
the same ; and although Stephenson’s Jamp was, unquestion- 
ably, the first successful lamp that had been constructed on 
such principle, and proved to be efficient, yet Sir H. Davy 
did invent a safety-lamp, no doubt quite independent of all 
that Stephenson had done; and having directed his careful 
attention tv the subject, and elucidated the true theory of 
explosion of carburetted hydrogen, he was entitled to all 
praise and reward for his labours. But when the meeting 
of coal-owners proposed to raise a subscription for the 
purpose of presenting Sir H. Davy with a reward for “his 
invention of the safety-lamp,” the case was entirely altered ; 
and Stephenson's friends then procecded to assert his claims 
to be regarded as its first inventor. 

Many meetings took place on the subject, and much dis- 
cussion ensued, the result of which was that a sum of 2OOO/. 
was presented to Sir Humphry Davy as “ the inventor of the 
safety-lamp ;” but, at the same time, a purse of 100 guineas 
was voted to George Stephenson, in consideration of what he 
had done in the same direction. This result was, however 
very unsatisfactory to Stephenson, as well as to his friends, 
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and Mr. Brandling, of Gosforth, suggested to him that, the 
subject being now fairly before the public, he should publish 
a statement of the facts on which his claim was founded. 
This was not at all in George’s Ine. He had never 
appeared in print; and it seemed to him a more formidable 
thing to write a letter for “the papers” than to invent a 
safety-lamp or design a locomotive. However, he called to 
bis aid lus son Robert, set him down before a sheet of fools- 
cap, and told him to “put down there just what I tell 
you.” ‘The composition of this letter, as we were informed 
by the writer of it, occupicd more evenings than one; and 
when it was at length finished, after many corrections, and 
fairly copied out, the father and son sct out—the latter 
dressed in his Sunday's round jacket—to lay the joint pro- 
duction before Mr. Brandhng, at Gosforth House. Glancing 
over the letter, Mr. brandling said, “ George, this will never 
do.” “Tt 1s all true, sir,” was the reply. “That may be; 
but it is badly written.” Robert. blushed, for he thought 
the penmanship was called in question, and he had weil 
his best. Mr. Brandling, however, revised the letter, which 
was shortly after published in the local journals. 
Stephenson's friends, fully satisfied of his claims to priority 
as the inventor of the safety-lamp used in the Killingworth 
and other collieries, held a public mecting for the purpose 
of presenting him with a reward “for the valuable service 
he had thus rendered to mankind.” A subscription was 
immediately commenced with this object, and a commit- 
tee was formed, consisting of the Earl of Strathmore, 
C. J. Brandling, and others. The subscriptions, when 
collected, amounted to 1000/7 Vart of the money was 
devoted to the purchase of a silver tankard, which was pre- 
sented to the inventor, together with the balance of the 
subscription, at a public dinner given im the Assembly 
Rooms at Newe: stle.* But what gave Stephenson even 


* The tankard bore the follow- | plate, purchased with a part of the 
ing inscription ;—‘ This piece of | sum of 10001, a subscription raised 
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greater pleasure than the silver tankard and purse of sovo- 
reigns was the gift ofa silver watch, purchased by small 
subscriptions amongst the colliers themselves, and presented 
by them as a token of their personal esteem and regurd for 
him, as well as of their gratitude for the perseverance and 
skill with which he had prosecuted his valuable and _lifo- 
saving invention to a successful issue. 

However great the merits of Stephenson in connexion 
with the invention of the tube safety-lamp, they cannot 
be regarded as detracting from the reputation of Sir 
Humphry Davy. IJhis inquiries into the explosive pro- 
perties of carburetted hydrogen gas were quite original ; 
and his discovery of the fact that explosion will not. pass 
through tubes of a certain diamcter was made independently 
of all that Stephenson had done in verification of the same 
fact. It even appears that Mr. Smithson Tennant and 
Dr. Wollaston had observed the same fact several years 
hefore, though neither Stephenson nor Davy knew it while 
they were prosecuting their experiments. Sir Humphry 
Davy’s subsequent modification of the tube-lamp, by which, 
while diminishing the diameter, he in the same ratio 
shortened the tubes without danger, and in the form of 
wire-gauze enveloped the safety-lamp by a multiplicity of 
tubes, was a beautiful application of the true theory which 
he had formed upon the subject. 

The increased number of accidents which have occurred 
from explosions in coal-mines since the general introduction 
of the Davy lamp, have led to considerable doubts as to its 
safety, and to inquiries as to the means by which it may 
be further improved; for expericnce has shown that, under 
certain circumstances, the Davy lamp is not safe. Stephen- 


for the remuneration of Mr. Groree 
SrerHENsuN for having discovered 
the fact that inflamed fire-damp 
will not pass through tubes and 
apertures of small ditncensions. and 
having been the sirst to apply that 
priuciple in the construction of a 


safety-lamp calculated for the pre- 
servation of human life in situa- 
tions formerly of the greatest 
danger, was presented to him ata 
general mecting of the subscribers, 
Charles John Brandling, Esq.. in 
the Chair. January 12th, 1818.” 
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son was humsclf of opinion that the modification of his own 
and Sir Humphry Davy’s lamp, combining the glass cylinder 
with the wire-gauze, was the most secure; at the same time 
it must be admitted that the Davy and the Geordy lamps 
alike fulled to stand the severe tests to which they were 
submitted by Dr. Percira, before the Committee on <Acci- 
dents in Mines. Indeed, Dr. Pereira did not hesitate to 
say, that when exposed to a current of explosive gas the 
Davy lamp is “decidedly unsafe,” and that the experiments 
by which its safety had been “ demonstrated ” in the lecture- 
room had proved entirely “ fallacious.” 

It is worthy of remark, that under circumstances in 
which the wire-gauze of the Davy lamp becomes red-hot 
frum the high explosivencss of the gas, the Geordy lamp is 
extinguished ; and we cannot but think that this fact 
testifies to the decidedly superior safety of the Geordy. 
An accident occurred in the Oaks colliery Pit at Barnsley, 
on the 20th August, 1857, which strikingly exemplified 
the respective qualities of the lamps. A sudden outburst 
vf gas took place from the floor of the mine, along a dis- 
tance of fifty yards. Fortunately the men working in the 
pit at the time were all supphed with safety-lamps—the 
hewers with Stephenson's, and the hurniers with Davy's. 
Upon this occasion, the whole of the Stephenson's lamps, 
over a space of five hundred yards, were extinguished almost 
instantaneously ; whercas the Davy lumps were filled with 
fire, and became red-hot—so much so, that several of the 
men using them had their hands burnt by the ganze. 
Had a strong current of air been blowmg through the 
gallery at the time, an explosion would most probably have 
taken place—an accident which, it will be observed, could 
not, under such circumstances, occur from the use of the 
Geordy, which is immediately extinguished as soon as the 
air becomes explosive.* 


* Tho accident above referred to ‘I'imes,’ ® copy of which, contain- 
was described in the ‘Barnsley | ing the account, Robert Stephensor 
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Nicholas Wood, a good judge, has said of the two inven- 
tions, “Priority has been claimed for each of them—I] 
believe the inventions to be parallel. By different roads 
they both arrived at the same result. Stephenson's is 
the superior lamp. Davy's is safe—Stephenson’s is safer.” 

When the question of priority was under discussion at 
the studio of Mr. Lough, the sculptor, im 1857, Sir Matthew 
White Tadley asked Robert Stephenson, who was present, 
for his opinion on the subject. His answer was, “ Tam not 
exactly the person to give an unbiassed opmion; but, as 
you ask me frankly, Twill as frankly say, that if George 
Stephenson had never lived, Sir Tumphry Davy conld and 
most probably world have invented the safety-lamp : but 
again, if Sir Thamphry Davy had never lived, George 
Stephenson certainly would have invented the safety-lamp, 
as I beheve he did, independent of all that Sir Humphry 
Davy had ever done in the matter.” 
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CHAPTER VII. 


GZEonGE STEPHENSON’S FURTHER IMPROVEMENTS IN THE Looo- 
MOTIVE -—- THE Hetron Rartway — Ropert STEPHENSON 
AS VIEWER’S APPRENTICE AND STUDENT. 


STEPHENSON'S 6xperiments on fire-damp, and his labours in 
connexion with the invention of the safety-lamp, occupied 
but a small portion of his time, which was necessarily 
devoted for the most part to the ordinary business of the 
colhery. From the day of his appointment as engine- 
wright, one of the subjects which particularly occupied his 
attention was the best practical method of winning and 
raging the coal. We was one of the first to introduce 
steam machinery underground with the latter object. In- 
deed, the Killingworth mines came to be regarded as the 
models of the district; the working arrangements generally 
being conducted im a skilful and efficient manner, reflecting 
the highest credit on the colliery engineer. 

Besides attending to the underground arrangements, the 
improved transit of the coals aboveground from the pit- 
head to the shipping-place, demanded an increasing share of 
his attention. Every day’s experience convinced him that 
the locomotive constructed by him after his patent of the 
year 1815, was far from perfect; though he continued to 
entertain confident hopes of its eventual success. Ile even 
went so far as to say that the locomotive would yet super- 
sede every other traction-power for drawing heavy loads. 
Many still regarded his travelling engine as httle better 
than a curious toy; and some, shaking their heads, pre- 
dicted for it “a terrible blow-up some day.” Nevertheless, 
it, was daily performing its work with regularity, dragging 
the coal-waggons between the colliery and the staiths, and 
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saving the labour of many men and horses. There wag 
not, however, so marked a saving in haulage as to induce 
the colliery masters to adopt locomotive power generally as 
a substitute for horses. How it could be improved and 
rendered more efficient as well as economical, was constantly 
present to Stephenson’s mind. 

At an early period of his labours, or about the time when 
he had completed his second locomotive, he began to direct 
his particular attention to the state of the Road; as he 
perceived that the extended use of the locomotive must 
necessarily depend in a great measure upon the perfection, 
suvlidity, continuity, and smoothness of the way along which 
the engine travelled. Even at that carly period, he was 
in the habit of regarding the road and the locomotive as 
one machine, speaking of the rail and the wheel as “man 
and wife.” 

All railways were at that time laid in a careless and 
loose manner, and great inequalities of level were allowed 
to occur without much attention being paid to repairs. The 
consequence was a great loss of power,as well as much tear and 
wear of the machinery, by the frequent jolts and blows of 
the wheels against the rails. His first object therefore was, 
to remove the inequalities produced by the imperfect junc- 
tion between rail and rail. At that time, (in 1816) the 
rails were made of cast iron, each rail being about three 
feet long; and sufficient care was not taken to maintain the 
points of junction on the same level. The chairs, or cast- 
iron pedestals into which the rails were inserted, were flat 
at the bottom; so that, whenever any disturbance took 
place in the stone blocks or sleepers supporting them, the 
flat base of the chair upon which the rails rested being 
tilted by unequal subsidence, the end of one rail became 
depressed, whilst that of the other was elevated. Hence 
constant jolts and shocks, the reaction of which very often 
caused the fracture of the rails, and occasionally threw the 
engine off the road. 

‘I'o remedy this imperfection Mr. Stephenson devised « 
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‘hit office. The 
in the boiler should perform this importaras1 such genuine 
method by which this was effected displayet gen-ly call atten- 
mechanical genius, that we would particulaiprourkable, as it 
tion to the device, which was the more remdcor¥ steam loco- 
was contrived long before the possibility of, or of public 
motion had become an object of general inquirytime | 
interest. to ‘deed after, 
It has already been observed that up to, and ind; %h class of 
the period of which we speak, there was no sucvV€ 4Jyincs and 
skilled mechanics, nor were there any such macYfe¢ manufac- 
tools in use, as are now available to inventors and& Yof gradual 
turers. Although skilled workmen were in course he wns, they 
training in a few of the larger manufacturing to°t™ any con- 
did not, at the date of Stephenson’s patent, exist P68 “mechanics 
siderable numbers, nor was there then any class of: — ngth and 
capable of constructing springs of sufficient strctss 5 weight. 
elasticity to support locomotive engines of ten ton@llo squalities 
In order to avoid the dangers arising from the iné ‘his new 
of the road, Stephenson so arranged the boiler of P47 frame of 
patent locomotive that it was supported upon the lows interior 
the engine by four cylinders, which opened into the® W: pistons 
of the bouler. These cylinders were occupied by J8™on the 
with rods, which passed downwards and pressed up) thto the 
upper side of the axles. The cylinders opening inthretto be 
interior of the boiler, allowed the pressure of steam thegsure 
applied to the- upper side of the piston; and the pré@st- f the 
being nearly equivalent to one-fourth of the weight oflat ¢ alJ 
engine, each axle, whatever might be its position, had ¢ lok age. 
times nearly the same amount of weight to bear, and colt’ ited 
quently the entire weight was pretty equally distribY®S our 
amongst the four wheels of the locomotive. ‘hus the #° ose 
floating pistons were ingeniously made to serve the pury®° the 
of springs in equalising the weight, and in softening " be 
jerks of the machine; the weight of which, it must alsol® ed 
okserved, had been increased, on a road originally calculat, —_is 
to bear a considerably lighter description of carriage. TI} 
mode of supporting the engine remained in use until th 


Cuap, VII. THE KILLINGWORTH LOCOMOTIVE. 113 


progress of spring-making had so far advanced that steel 
springs could be manufactured of sufficient strength to bear 
the weight of locomotive engines. 

The result of the actual working of the new locomotive 
on the improved road amply justified the promises held 
forth in the specification. The traffic was conducted with 
greater regularity and economy, and the superiority of the 
engine, as compared with horse traction, became still more 
marked. It is a fact worthy of notice, that the identical 
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Old Killingworth Locomotive, still in use. 


engines constructed in 1816 after the plan above described 
are to this day to be seen in regular useful work upon the 
Killingworth Railway, conveying heavy coal-trains at the 
speed of between five and six miles an hour, probably as 
economically as any of the more perfect locomotives now in 
use. * 

Mr. Stephenson's endeavours having been attended with 

V. 1 
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such marked success in the adaptation of locomotive power 
to railways, his attention was called by many of his friends, 
about the year 1818, to the application of steam to travelling 
on common roads. It was from this point that the loco- 
motive started, Trevithick’s first engine having been con- 
structed with this special object. Stephenson’s friends 
having observed how far behind he had left the original 
projector of the locomotive in its application to railroads, 
perhaps naturally inferred that he would be equally suc- 
cessful in applying it to the purpose for which Trevithick 
and Vivian had intended their first emgine. But the 
accuracy with which he estimated the resistance to which 
loads were exposed on railways, arising from friction and 
gravity, led him at a very early stage to reject the idea of 
ever applying steam power economically to common-road 
travelling. In October, 1818, he made a series of careful 
experiments in conjunction with Nicholas Wood, on the 
resistance to which carriages were exposed on railways, 
testing the results by means of a dynamometer of his own 
construction. ‘The series of practical observations made by 
means of this instrument were interesting, as the first 
systematic attempt to determine the precise amount of 
apie to carriages moving along railways. It was then 
for the first time ascertained by experiment that the friction 
was @ constant quantity at all velocities. Although this 
theory had long before been developed by Vince and 
Coulomb, and was well known to scientific men as an 
established truth, yet, at the time when Stephenson made 
his experiments, the deductions of philosophers on the 
subject were neither believed in nor actcd upon by prac- 
tical engincers. 

He ascertained that the resistances to traction were 
mainly three; the first being upon the axles of the car- 
riages, the second, or rolling resistance, being between the 
circumference of the wheel and the surface of the rail, and 
the third being the resistance of gravity. ‘The amount of 
friction and gravity he could accurately ascertain ; but the 
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rolling resistance was a matter of greater difficulty, being 
subject to much variation. He satisfied himsclf, however, 
that it was so great when the surface presented to the 
wheel was of a rough character, that the idea of working 
steam carriages economically on common roads was dis- 
missed by him as entirely impracticable. Taking it as 
10 lbs to a ton weight on a Jevel railway, it became obvious 
to him that so small a rise as 1 in 100 would diminish the 
useful effort of a locomotive by upwards of 50 per cent. 
This was demonstrated by repeated experiments, and the 
important fact, ‘thus rooted in his mind, was never lost 
sight of in the course of his future railway career. 

It was owing in a great measure to these painstaking 
experiments that he carly became convinced of the vital 
importance, In an economical point of view, of reducing the 
country through which a railway was intended to pass as 
nearly as possible to a level. Where, as m the first coal 
railways of Northumberland and Durham, the load was 
nearly all one way,—that is, from the colliery to the 
shipping-place,—it was an advantage to have an inclination 
in that direction. The strain on the powers of the locomo- 
tive was thus diminished, and it was easy for it to haul the 
empty waggons back to the colliery up even a pretty steep 
incline. But when the loads were both ways, he deemed it 
of great importance that the railroad should be constructed 
as nearly as possible on a level. 

These views, thus carly entertained, originated in Ste- 
phenson’s mind the peculiar character of railroad works as 
distinguished from other roads; for, mn railways, he carly 
contended that large sums would be wisely expended in per- 
forating barricrs of hills with long tunnels, and in raising 
the lower levels with the excess cut down from the adjacent 
high ground. In proportion as these views forced them- 
sclves upon his mind and were ebrroborated by his daily 
expcrience, he became more and more convinced of the hope- 
lessness of applying steam locomotion to common roads; for 
every argument in favour of a Jevel railway was, in his 

12 
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view, an argument against the rough and hilly course of a 
common road. 

Although Stephenson’s locomotive engines were in daily 
use for many years on the Killingworth Railway, they 
excited comparatively little interest. They were no longer 
experimental, but had become an established tractive power. 
The experience of years had proved that they worked more 
steadily, drew heavier loads, and were, on the whole, con- 
siderably more economical than horses. Nevertheless eight 
years passed before another locomotive railway was con- 
structed and opened for the purposes of coal or other traffic. 

Stephenson had no means of bringing his important in- 
vention prominently under the notice of the public. He 
himself knew well its importance, and he already anticipated 
its eventual general adoption; bué being an unlettered man, 
he could not give utterance to the thoughts which brooded 
within him on the subject. Killingworth Colliery lay far, 
from Jondon, the centre of scientific hfe in England. It 
was visited by no savans nor literary men, who might have 
succeeded in introducing to notice the wonderful machine of 

“Stephenson. Even the local chroniclers seem to have taken 
no notice of the Killingworth Railway. 

/ ‘There secmed, indeed, to be so small a prospect of intro- 
‘ducing the locomotive into general use, that Stephonson,— 
perhaps feeling the capabilities within him,—again recurred 
to his old idea of emigrating to the United States. Before 
joining Mr. Burrel as partner in a small foundry at Forth 
Banks, Newcastle, he had thrown out to him the sugges- 
tion that 1f would be a good speculation for them to cmi- 
grate to North America, and introduce steamboats upon the 
great inland lakes there. The first steamers were then 
plying upon the Tyne before his eyes; and he saw in them 
the germ of a great revolution in navigation. It occurred 
to him that North America presented the finest ficld for 
trying their wonderful powers. He was an _ engineer, 
his partner was an iron-founder ; and betwcen them he 
thought they might strike out a path to fortune in the 
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mighty West. Fortunately, this idea remained a mere 
speculation so far as Stephenson was concerned ; and 11 was 
left to others to do what he had dreamt of achieving. After 
all his paticnt waiting, his skill, industry, and perseverance 
were at length about to bear fruit. 

In 1819 the owners of the Hetton Colliery, in the county 
of Durham, determined to have their waggon-way altered 
to a locomotive railroad. ‘The result of the working of the 
Killmgworth Railway had been so satisfactory, that they 
resolved to adopt the same system. One reason why an 
experiment so long continued and so successful as that at 
Killingworth should have been so slow in producing results, 
perhaps was, that to lay down a railway and furnish it 
with locomotives, or fixed engines where necessary, required 
a very large capital, beyond the means of ordinary coal- 
owners; whilst the small amount of interest felt in railways 
by the general public, and the ‘supposed impracticability 
of working them to a profit, as yet prevented ordinary 
capitalists from venturing their money in the promotion ct 
such undertakings. The Hetton Coal Company were, how- 
ever, possessed of adequate means; and the local reputation 
of the Killingworth engine-wright pointed him out as 
the man best calculated to lay out their line, and supermn- 
tend their works. ‘They accordingly invited him to act as 
the engineer of the proposed railway, which was to be the 
longest locomotive line that had, up to that time, been con- 
structed. It extended from the Hetton Colliery, situated 
about two miles south of Houghton-le-Spring, in the county 
of Durham, to the shipping-places on the banks of the Wear, 
near Sunderland. Its length was about eight miles; and 
In its course it crossed Warden Law, one of the highest 
hills in the district. The character of the country forbade 
the construction of a flat line, or one, of comparatively easv 
gradients, except by the expenditure of a much larger 
capital than was placed at the engineer’s disposal. Heavy 
works could not be executed; 1t was therefore necessary to 
form the line with but little deviation from the natural 
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conformation of the district which it traversed, and also tuo 
adapt the mechanical methods employed for its working to 
the character of the gradients, which in some places were 
necessarily heavy. 

Although Stephenson had, with every step mado towards 
its increased utility, become more and more identified with 
the success of the locomotive engine, he did not allow his 
enthusiasm to carry him away into costly mistakes. Ile 
carefully drew the line between the cases in which the 
locomotive could be usefully employed, and those in which 
stationary engines were calculated to be more economical. 
This led him, as in the instance of the Hetton Railway, to 
execute lines through and over rough countries, where gra- 
dients within the powers of the locomotive engine of that 
day could not be secured, employing in their stcad stationary 
engines where locomotives were not practicable. In the 
present case, this course was adopted by him most success- 
fully. On the original Hetton line, there were five self- 
acting inclines,—the full waggons draWing the empty ones 
up,—and two inclines worked by fixed reciprocating engines 
of sixty horse power each. The locomotive travelling 
engine, or “the iron horse,” as the people of the neighbour- 
hood then styled it, did the rest. On the day of the opening 
of the Hetton Railway, the 18th November, 1822, crowds of 
spectators assembled from all parts to witness the first 
vperations of this ingenious and powerful machinery, which 
was entirely successful. On that day five of Stephenson’s 
locomotives were at work upon the railway, under’ the 
direction of his brother Robert ; and the first shipment of 
coal was then made by the Ietton Company, at their now 
staiths on the Wear. The speed at which the locomotives 
travelled was about 4 miles an hour, and each engine 
dragged after it a train of 17 waggons, weighing about 64 
tons. | . 

While thus advancing step by step,—attending to the 
business of the Killingworth Colliery, and laying out rail- 
ways in the neighbourhood,—he was carefully watching 
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over the education of his son. We have already seen that 
ltobert was sent to Bruce’s school at Newcastle, where he 
remained about four years. He left it in the summer of 
1819, and was then put apprentice to Mr. Nicholas Wood, 
the lead viewer at Killingworth, to learn the business of 
the colliery. He served in that capacity for about three 
years, during which time he became familiar with most 
departments of underground work. The occupation was 
not unattended with peril, as the following incident will 
show. Though the use of the Geordy lamp had become 
general in the Killingworth pits, and the workmen were 
bound, under a penalty of half-a-crown, not to use a naked 
candle, 1t was difficult to enforce the rule, and even the 
masters themselves occasionally broke it. One day Nicholas 
Wood, the head viewer, Moodie the under viewer, and 
Robert Stephenson, were proceeding along one of the gal. 
leries, Wood with a naked candle in his hand, and Robert 
folowing him with a lamp. They came to a place where a 
fall of stones from the roof had taken place, on which Wood, 
who was first, proceeded to clamber over the stones, holding 
high the naked candle. He had nearly reached the summit 
_of the heap, when the fire-damp, which had accumulated in 
the hollow of the roof, exploded, and instantly the whole 
party were blown down, and the hghts extinguished. They 
were a mile from the shaft, and quite in the dark. There 
was a rush of the workpeople from all quarters towards the 
shaft, for it was feared that the fire might extend to more 
dangerous parts of the pit, where, if the gas had exploded, 
every soul in the mine must imevitably have perished. 
Robert Stephenson and Moodie, on the first impulse, ran 
back at full speed along the dark gallery leading to the 
shaft, coming into collision, on their way, with the hind 
quarters of a horse stunned by the explosion. When they 
had gone halfway, Moodie halted, and bethought him of 
Nicholas Wood. ‘“ Stop, laddic!” said he to Robert, “ stop ; 
we maun gang back, and seek the maister.” So they 
retraced thvir steps. Happily, no further explosion had 
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taken place. They found the master lying on the heap ot 
stones, stunned and bruised, with his hands severely burnt. 
They led him to the bottom of the shaft ; and he took care 
afterwards not to venture into the dangerous parts of the 
mine without the protection of a Geordy lamp. 

The time that Robert spent at Killingworth as viewer's 
apprentice was of advantage both to his father and himself. 
The evenings were generally devoted to reading and study, 
the two froin this time working together as friends and co- 
labourers. One who used to drop in at the cottage of an 
evening, well remembers the animated and eager discussions 
which on some occasions took place, more especially with 
reference to the growing powers of the locomotive engine 
The son was even more enthusiastic than the father on this 
subject. Robert would suggest numerous alterations and 
improvements in details. His father, on the contrary, 
would offer every possible objection, defending the existing 
arrangements,— proud, nevertheless of his son's suggestions, 
and often warmed and excited by his brilliant anticipations 
of the ultimate triumph of the locomotive. 

‘These discussions probably had considerable influence in 
inducing Stephenson to take the next important step in the 
education of his son. Although Robert, who was only nine- 
teen years of age, was doing well, and was certain at the 
expiration of his apprenticeship to rise to a higher position, 
his father was not satisfied with the amount of instruction 
which he had as yet given him. Kemembecring the disad- 
vantages under which he had himself laboured through his 
ignorance of practical chemistry during his investigations 
connected with the safety-lamp, more especially with refer- 
ence to the properties of gas, as well as in the course of his 
experiments with the object of improving the locomotive 
engine, he determined to furnish his son with as completo 
a scientific cultnre as his means would afford. He also be- 
lieved that a proper training in technical science was indis- 
pensable to success in the higher walks of the enginecr's 
profession ; and he determined to give to his son that kind 
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and degree of education which he so much desired for him- 
self. He would thus, he knew, secure a hearty and generous 
co-worker in the claboration of the great ideas now looming 
hefore him, and with their united practical and scientific 
knowledge he probably felt that they would be equal to any 
enterprise. 

He accordingly took Robert from his labours as under- 
viewer in the West Moor Pit, and in October, 1822, sent 
him to the Edinburgh University, there being then no col- 
lege in Imngland accessible to persons of moderate means, 
for purposes of “scientific culture. Robert was furnished 
with letters of introduction to several men of lterary 
eminence in lidinburgh ; his father’s reputation in connexion 
with the safety-lamp being of service to him in this respect. 
He lodged in Drummond Street, in the immediate vicinity 
of the college, and attended the Chemical Lectures of Dr. 
Hope, the Natural Philosophy Lectures of Sir John Lesh, 
and the Natural Mistory Class of Professor Jameson. Ue 
also devoted several evenings in each week to the study of 
practical Chemistry under Dr. John Murray, himself one 
of the numerous designers of a safcty-lamp. Ile took care- 
ful notes of all the lectures, which he copied out at might 
hefore he went to bed; so that, when he returned to ksil- 
lingworth, he might read them over to his father. He 
afterwards had the notes bound up, and placed in his 
library. Long years after, when conversing with Thomas 
Harrison, C.l., at his house in Gloucester Square, he rose 
from his scat and took down a volume from the shelves. 
Mr. Harrison observed that the book was in MS., neatly 
written out. “ What have we here?’ he asked. The 
vnswer was—‘ When I went to college, I knew the 
liffculty my father had in collecting the funds to send me 
there. Before going I studied short-hand; while at 
Edinburgh, I took down verbatim every lecture; and in 
the evenings, before 1 went to bed, I transeribed those 
lectures word for word. You see tho result in that range 


of books.” 
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One of the practical sciences in the study of which Robert 
Stephenson took special interest while at Edinburgh was 
that of geology. The situation of the city, in the midst of 
u district of highly interesting geological formation, easily 
accessible to pedestrians, is mdeed most favourable to the 
pursuit of such a study; and it was the practice of Professor 
Jameson frequently to head a band of his pupils, armed with 
hammers, chisels, and clinomcters, and take them with him 
on a long ramble into the country, for the purpose of teach- 
ing them habits of observation and reading tu them from the 
open book of Nature itself. At the close’ of this session, 
the professor touk with him a select body of his pupils on 
an excursion along the Great Glen of the Highlands, in 
the line of the Caledonian Canal, and Robert formed one 
of the party. They passed under the shadow of Ben 
Nevis, examined the famous old sea-margins known as the 
“parallel roads of Glen Roy,” and extended their journey 
as far as Inverness; the professor teaching the young men 
as they travelled how to observe in a mountain country. 
Not long before his death, Robert Stephenson spoke in 
vlowing terms of the great pleasure and benefit which he 
had derived from that interesting excursion. “J! have 
travelled far, and enjoyed much,” he said; “but that de 
hghtfal botanical and geological journcy I shall never forget ; 
and I am just about to start in the Titania for a trip round 
the east coast of Scotland, returning south through the 
Caledonian Canal, to refresh myself with the recollection 
of that first and brightest tour of my life.” 

Towards the end of the summer of 1822 the young stu- 
dent returned to Kullingworth to re-enter upon the active 
business of life. ‘The six months’ study had cost his father 
80l.; but he was amply repaid by the better scientific 
culture which his son had acquired, and the evidence of 
ability aud industry which he was enabled to exhibit in a 
prize for mathematics which he had won at the University. 
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CIAPTER VIII 


GEORGE STEPHENSON ENGINEER OF THE STOCKTON AND 
DARLINGTON RalLway. 


Tre district west of Darlington, in Durham, is one of the 
richest mincral fields of the North. Vast stores of coal 
underlie the Bishop Auckland Valley; and from an early 
period new and good roads to market were felt to be ex- 
cecdingly desirable. As yet it remained alinost a closed 
field, the cost of transport of the coal in carts, or on horses’ 
or donkeys’ backs, greatly limiting the sale. Long ago, 
in the days of canal formations, Brindley was consulted 
about a canal; afterwards, in 1812, a tramroad was sur- 
veyed by Rennie; and eventually, in 1817, a railway was 
projected from Darlington to Stockton-on-T'ces. 
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Map of Stockton and Darlington Railway. 


Of this railway Edward Pease was the projector. <A 
thoughtful and sagacious man, ready in resources, possessed 
of indomitable energy and perseverance, hc was eminently 
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qualified to undertake what appeared to many the hopeless 
enterprise of obtaining an Act for a railway through such an 
unpromising district. One who knew him in 1818 said, “ he 
was a man who could seca hundred years ahead.” When the 
writer last saw him, in the autumn of 1854, Mr. Pease was 
in his eighty-cighth year; yet he still possessed the hope- 





Edward Pease, 


fulness and mental vigour of a man in his prime. Hale 
and hearty, and full of reminiscences of the past, he con- 
tinued to take an active interest in all measures calculated 
to render men happier and better. Still sound in health, 
his eye had not lost its brilliancy, nor his cheek its colour ; 
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und there was an elasticity in his stop which younger mcn 
iuight have cnvied.* 

In getting up a company for surveying and furming a 
railway, Mr. Pease had great difficulties to cncounter. The 
people of the neighbourhood spoke of it as a ridiculous 
undertaking, and predicted that it would be rumous to all 
concerned. Hven those most interested im the opening of 
new markets for their coal, were indifferent, if not actually 
hostile. The Stockton merchants and shipowners, whom it 
was calculated so greatly to benefit, gave the project no 
support; and not twenty sharcs were subscribed for in the 
whole town. Mr. Pease nevertheless persevered; and he 
induced many of his friends and relations to subscribe the 
capital required, 

The necessary preliminary steps were taken in 1818 to 
apply for an act to authorise the construction of a tramroad 
from Witton to Stockton. ‘The measure was however, 
strongly opposed by the Duke of Cleveland, because the 
proposed line passed close by one of his fox covers; and the 
bill was rejected. A new survey was then made, avoiding 
the Duke's cover; and in 1819 a renewed application was 
made to Parliament. The promoters were this time suc- 
cessful, and the royal assent was given to the first Stockton 
and Darlington Railway Act on the 19th April, 1821. 

The projectors did not originally contemplate the employ- 
ment of locomotives. The Act provided for the making 
and maintaming of tramroads for the passage “ of waggons 
and other carriages” “ with men and horses or otherwise,” 
and a further clause made provision for damages done in 
course of traffic by the “waggoners.” The public were to 
be free “to use with horses, cattle and carriages,” the roads 
formed by the company, on payment of the authorised rates, 
“between the hours of seven in the morning and six in the 
evening,” during winter; “ between six in the morning and 


* Mr. Pease diel at. Darlington, on the 31st of July, 1858, aged ninefy- 
two, 
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cight in the evening,” in two of the spring and antumn 
months; and “between five in the morning and ten in 
the evening,” in the summer months of May, June, July, 
and August. From this it will be obvious that the pro- 
jectors of the line had themselves at first no very large 
conceptions as to the scope of their project. 

One day, in the spring of 1821, two strangers knocked 
at the door of Mr. Pease’s house nm Darlington; and the 
message was brought to him that some persons from Kil- 
lingworth wanted to speak with him. ‘They were invited 
in, on which one of the visitors introduced himself as 
Nicholas Wood, viewer at Killingworth, and then turning 
to his companion, he introduced him as George Stephenson, 
cngine-wright, of the same place. 

Mr. Pease entered into conversation with his visitors, and 
was soon told their object. Stephenson had heard of the 
passing of the Stockton and Darlington Act, and desiring to 
increase his railway experience, and also to employ i some 
larger ficld the practical knowledge he had already gained, 
he determined to visit the known projector of the under- 
taking, with the view of being employed to carry it ont. 
He had brought with him his friend Wood, for the purpose 
at the same time of relieving his diffidence, and supporting 
his application. 

Mr. Pease liked the appearance of his visitor: “there 
was,” as he afterwards remarked when speaking of Stephen- 
son, “such an honest, sensible look about him, and he 
seemed so modest and unpretending. He spoke in the 
strong Northumbrian dialect of his district, and described 
himself as ‘only the engine-wright at Killingworth; that’s 
what he was.’” 

Mr. Pease soon saw that our engineer was the very man 
for his purpose. ‘The whole plans of the railway were still 
in an undetermined state, and Mr. Pease was therefore glad 
to have the opportunity of profiting by Stephenson’s ex- 
porience. In the course of their conversation, the latter 
strongly recommended a railway in preference to a tram- 
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road. They also discussed the kind of tractive power to be 
employed: Mr. Pease stating that the company had based 
their whole calculations on the employment of horse power. 
“T was so satisfied,” said he afterwards, “that a horse upon 
an iron road would draw ten tons for one ton on a 
common road, that I felt sure that before long the railway 
would become the King’s highway.” But Mr. Pease was 
scarcely prepared for the bold assertion made by his visitor, 
that the locomotive engine with which be had been working 
the Killingworth Railway for many years past was worth 
fifty horses, and that engines made after a similar plan 
would yet entirely supersede all horse power upon rail- 
roads. Stephenson was daily becoming more positive as to 
the superiority of his locomotive; and hence he strongly 
urged Mr. Pease to adopt it. “Come over to Killingworth,” 
said he, “and see what my engines can do; seeing is be- 
lieving, sir.” Mr. Pease accordingly promised that on some 
early day he would go over to Killingworth, and take a 
look at the wonderful machine that was to supersede horses. 

The result of the interview was, that Mr. Pease promised 
to bring Stephenson's application for the appointment of 
engineer before the Directors, and to support it with his 
influence; whereon the two visitors prepared to take their 
leave, informing Mr. Pease that they intended to return 
to Newcastle “by nip;” that is, they expected to get a 
smuggled lft on the stage-coach, by tipping Jelhu,—for in 
those days the stage coachmen regarded all casual roadside 
passengers as their proper perquisites. They had, how- 
ever, been so much engrossed by their conversation, that 
the lapse of time was forgotten, and when Stephenson and 
his friend made enquiries about the return coach, they 
found the last had left; and they had to walk the 18 miles 
to Durham on their way back to Newcastle. 

Mr. Pease having made further inquiries respecting Ste- 
phonson’s character and qualifications, and having received 
a very strong recommendation of him as the right man for 
the intended work, he brought the subject of his appli- 
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cation before the directors of the Stockton and Darlington 
Company. They resolved to adopt his recommendation 
that a railway be formed instead of a tramroad; and they 
further requested Mr. Pease to write to Stephenson, desiring 
him to undertake a re-survey of the line at the sailivat 
practicable period. 

A man was despatched on a horse with the letter, and 
when he reached Killmgworth he made diligent enquiry 
after the person named upon the address, “ George Stephen- 
son, Esquire, Wngineer.” No such person was known in 
the village. It is said that the man was on the point of 
viving up all further search, when the happy thought 
struck some of the colliers’ wives who had gathered about 
him, that it must be “ Geordie the engine-wzight ” the man 
was in search of; and to Geordie’s cottage he accordingly 
went, found him at homo, and delivered the lctter. 

About the end of September, Stephenson went carefully 
over the line of the proposed railway, for the purpose of 
suggesting such improvements and deviations as he might 
consider desirable. He was accompanied by an assistant 
and a chainman,—his son Robert entering tho figures while 
his father took the sights. After being engaged in the 
work at intervals for about six weeks, Stephenson reported 
the result of his survey to the Board of Directors, and 
showed that by certain deviations, a line shorter by about 
three miles might be constructed at a considerable saving in 
expense, While at the same time more favourable gradicnts 
—an important consideration—would be secured. 

It was, however, determined in the first place to proceed 
with the works at those parts of the line where no deviation 
was proposed; and the first rail of the Stockton and Dar- 
lington Railway was laid with considerable ceremony, near 
Stockton, on the 23rd May, 1822. 

It is worthy of note that Stephenson, in making his first 
estimate of the cost of forming the railway according to the 
instructions of the directors, set down, as part of the cost, 
62001. for stationary engines, not mentioning locomotives at 
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all. The directors as yet confined their views to the em- 
ployment only of horses for the haulage of the coals, and 
of fixed engines and ropes where horse-power was not 
applicable. ‘The whole question of steam locomotive power 
was, in the estimation of the public, as well as of practical 
and scientific men, as yet in doubt. The confident antici- 
pations of George Stephenson, as to the eventual success of 
locomotive cngines, were regarded as mere speculations ; 
aud when he gave utterance to his views, as he frequeutly 
took the opportunity of deing, it even had the effect of 
shaking the confidence of some of his friends in the solidity 
of his judgment and his practical qualities as an engineer. 

When Mr. Pease discussed the question with Stephenson, 
his remark was, ‘“ Come over and see my engines at Killing- 
worth, and satisfy yourself as to the efficiency of the 
locomotive. J will show you the colliery books, that you 
may ascertain for yourself the actual cost’of working. And 
I must tell you that the economy of the locomotive engine 
is no longer a matter of theory, but a matter of fact.” So 
confident was the tone in which Stephenson spoke of the 
success of his engines, and so important were the cunse- 
quences involved in arriving at a correct conclusion on the 
subject, that Mr. Pease at length resolved upon paying a 
visit to Killingworth in the summer of 1822, to see with 
his own eyes the wonderful new power so much vaunted 
by the engineer. 

When Mr. Pease arrived at Killingworth village, he 
inquired for George Stephenson, and was told that he must 
go over to the West Moor, and seek for a cottage by the road- 
side, with a dial over the door—“ that was where George 
Stephenson lived.” They sogn found the house with the 
dial; and on knocking, the door was opened by Mrs. Ste- 
phenson — his second wife (Elizabeth Hindmarsh), the 
daughter of a farmer at Black Callerton, whom he had 
married in 1820.* Her husband. she said, was not in the 


* The story has been told that Hindmarsh, while occupying the 
George was a former suitor of Miss position of a humble workman ut 
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house at present, but she would send fur him to the colliery. 
And in a short time Stephenson appeared before them in 
his working dress, just as he had come ont of the pit. 

He very soon had his locomotive brought up to the cross- 
ing close by the end of the cottage,—made the gentlemen 
mount it, and showed them its paces. Harnessing it to a 
train of loaded waggons, he ran it along the railroad, and sv 
thoroughly satisfied his visitors of its power and capabilities, 
that from that day Edward Pease was a declared supporter 
of the locomotive engine. In preparing the Amended 
Stockton and Darlington Act, at Stephenson's urgent re- 
quest Mr. Pease had a clause inserted, taking power to work 
the railway by means of locomotive engines, and to employ 
them for the haulage of passengers as well as of merchan. 
dise.* The Act was obtained in 1823, on which Stephenson 
was appointed the company’s engincer at a salary of 3001. 
per annum; and it was determined that the line should 
be constructed and opened for traffic as soon as practicable. 

He at once proceeded, accompanied by his assistants, with 
the working survey of the line, laying out every foot of 
the ground himscli. Railway surveying was as yet in its 
infancy, and was slow and difficult work. It afterwards 
became a separate branch of railway busincss, and was 
entrusted to a special staff. Indeed on no subsequent line 
did George Stephenson take the sights through the spirit 


Black Callerton, but that having until he (Hindmarsh) introduced 


been rejected by her, he made love 
to and marricd Fauny Henderson ; 
and that long after the death of 
the latter, when he had become a 
comparatively thriving man, he 
again made up to Miss Hindmarsh, 
and was on the scecond occasion 
accepted. This is the popular 
story, and different versions of it 
are current. Desirous of ascertain- 
ing the facts, the author called on 
Thomas Llindmarsh, Mrs. Stephen- 
son's brother, who assured him that 
George knew nothing of his sister 


him to her, at George's express re- 
quest, about the year 1818 or 18)9. 
The author was himself originally 
attracted by the much more ro- 
mantic version of the story, and 
gave publicity to it many years 
since: but after Mr. Hindmarsh’s 
explicit statement, he thought fit 
to adopt the sobercr, and perhaps, 
the truer view. 

* The first clause in any railway 
act, cmpowering the employment 
of locomotive engines for the wark- 
ing of passenger trattic, 
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level with his own hands and eyes as he did on tls rail- 
way. He started very early—-dressed in a blue tailed coat, 
breeches, and top-beots—and surveyed until dusk. He was 
not at any time particular as to his hving; and during the 
survey, he took his chance of getting a httle milk and 
bread at some cottager’s house along the line, or occasionally 
joined in a homely dinner at some neighbouring farmhouse. 
The country people were accustomed to give him a hearty 
welcome when he appeared at their door; for he was always 
full of cheery gnd homely talk, and, when there were chil- 
dren about the house, he had plenty of humvrous chat for 
them as well as for their seniors. 

After the day’s work was over. George would drop in at 
Mr. Pease’s, to talk over the progress of the survey, and 
discuss various matters connected with the railway. Mr. 
Pease’s daughters were usually present; and on one occa- 
sion, finding the young ladies learning the art of embroi- 
dery, he voluntcered to instruct them.* “1 know all about 
it,” said he; “and you will wonder how I learnt it. I will 
tell you. When I was a brakesman at Killingworth, I 
learnt the art of embroidery while working the pitmen’s 
buttunholes by the engine fire at nights.” He was never 
ashamed, but on the contrary rather proud, of remindpugg 
his friends of these humble pursuits of his early life. Mr. 
Pease’s family were greatly pleascd with his conversation, 
which was always amusing and instructive; fall of all 
sorts of experience, gathered in the oddest and most out-of- 
the-way places. Even at that carly period, before he mixed 
in the society of educated persons, there was a dash of 
speculativeness in his remarks, which gave a high degree of 
originality to his conversation; aud he would sometimes, 
in a casual remark, throw a flash of light upon a subject, 
which called up a train of pregnant suggestions. 





* This incident, communicated Rankley, A.R.A., exhibited at tho 
to the author by the late Edward Royal Academy Exhibition — of 
Pease, hag since been made the 1861. 
subject of a tine picture by Mr. A. 
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One of the most important subjects of discussion at these 
meetings with Mr. Pease, was the establishment of a manu- 
factory at Newcastle for the building of locomotive engines. 
Up to this time all the locomotives constructed after Ste- 
phenson’s designs, had been made by ordinary mechanics 
working among the collieries in the North of England. 
But he. had long felt that the accuracy and style a their 
workmanship admitted of great improvement, and that upon 
this the more perfect seHOw of the locomotive engine, and 
its gencral adoption, in a great measure depended. One 
great object that he had in view in establishing the pro- 
posed factory was, to concentrate a number of good work- 
men for the purpose of carrying out the improvements in 
detail which he was constantly making in his engine. Ilo 
felt hampered by the want of efficient help from skilled 
mechanics, who could work out in a practical form the 
ideas of which his busy mind was always so_ prolific. 
Doubtless, too, he believed that che manufactory would 
prove a remunerative investment, and that, on the general 
adoption of the railway system which he anticipated, he 
would derive solid advantages from the fact of his establish- 
ment being the only one of the kind for the special con- 
struction of locomotive engines. 

Mr. Pease approved of his design, and strongly recom- 
mended him to carry it into effect. But there was the 
question of means; and Stephenson did not think he had 
capital enough for the purpose. He told Mr. Pease that he 
could advance 1000/.—the amount of the testimonial pre- 
sented by the coal-owners for his safety-lamp invention, 
which he had still left untouched; but he did not think 
this sufficient for the purpose, and he thought that he 
should require at least another 10001. Mr. Pease had been 
very much struck with the successful performances of the 
Killingworth engine; and being an accurate judge of cha- 
racter, he believed that he could not go far wrong in linking 
a portion of his fortune with the energy and industry 
of George Stephenson. He consulted his friend Thomas 
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Richardson in the matter; and the two consented to ad- 
vance 5001. each for the purpose of establishing the engine 
factory at Newcastle. A piece of land was accordingly 
purchased in Forth Street, in August, 1823, on which a 
small building was erected —the nucleus of the gigantic 
establishment which was afterwards formed around it; and 
active operations were begun early in 1824. 

While the Stockton and Darlington Railway works were 
In progress, our engineer had many interesting discus 
sions with Mr. Pease, on points connected with its con- 
struction and “working, the determination of which in a 
great measure affected the formation and working of all 
future railways. The most important points were these: 
1, The comparative merits of cast and wrought iron rails. 
2. The gauge of the railway. 3. The employment of horse 
or engine power in working it, when ready for traffic. 

The kind of rails to be laid down to form the permanent 
road was a matter of considerable importance. A wooden 
tramroad had been contemplated when the first Act was 
applied for; but Stephenson having advised that an iron 
road should be laid down, he was instructed to draw up a 
specification of the rails. THe went before the directors to 
discuss with them the kind of material to be specified. He 
was himself intcrested in the patent for cast-iron rails, 
which he had taken out in conjunction with Mr. Losh in 
1816; and, of course, it was to his interest that his articles 
should be used. But when requested to give his opinion 
on the subject, he frankly said to the directors, “ Well, 
gentlemen, to tell you the truth, although it would put 
0002. in my pocket to specify my own patent rails, J cannot 
do so after the experience F have had. If you take my 
advice, you will not lay down a single cast-iron rail.” 
“Why?” asked the directors. ‘Because they will not 
stand the weight, and you will be at no end of expense for 
repairs and relays.” ‘“ What kind of road, then,” he was 
asked, “would you recommend?” <“ Malleable rails, cer- 
tainly,” said he; “and I can recommend them with the 
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more confidence from the fact that at Killingworth we 
havo had some Swedish bars laid down—nailed to wooden 
sleepers—for a period of fourteen years, the waggons passing 
over them daily; and there they are, in use eet, whereas 
the cast rails are constantly giving way.” 

The price of malleable rails was, however, so high— 
being then worth about 127. per ton as compared with cast- 
iron rails at about 5. 10s.—and the saving of expense was 
so important a consideration with the subscribers, that 
Stephenson was directed to provide, m the specification, 
that only one-half of the rails required —or about 800 tons 
—should be of malleable iron, and the remainder of cast- 
iron. The malleable rails were of the kind called “ fish- 
bellied,” and weighed 28 Ibs. to the yard, being 24 inches 
broad at the top, with the upper flange # inch thick. They 
were only 2 inches in depth at the points at which they 
rested on the chairs, and 34 inches in the middle or bellicd 
part. 

When forming the road, the proper gange had also to be 
determined. What width was this to be? The gauge of 
the first tramroad laid down had virtually settled the point. 
The gauge of wheels of the common vehicles of the country 
—of tie. carts and waggons employed on common roads, 
which were first used on the tramroads—was about 4 feet 
Siinches. And so the first tramroads were laid down of 
this gauge. The tools and machinery for constructing 
coal-waggons and locomotives were formed with this gauge 
in view. ‘The Wylam waggon-way, afterwards the Wylam 
plate-way, the Killingworth railroad, and the Hetton rail 
road, were as nearly as possible on the same gauge. Some 
of the earth-waggons used to form the Stockton and Dar- 
lington road were brought from the Hetton railway; and 
others which were specially constructed were formed of the 
same dimensions, these being intended to be afterwards 
employed in the working of the traffic. 

As the period drew near for the opening of the line, tho 
question of the tractive power to be cmployed was anxiously 
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discussed. At the Brusselton incline, fixed engincs must 
necessarily be made use of; but with respect to the mode of 
working the railway generally, it was decided that horses 
were to be largely employed, and arrangements were made 
for their purchase. The influence of Mr. Pease also secured 
that a fair trial should be given to the experiment of work- 
ing the traffic by locomotive power; and three engines 
were ordered from the firm of Stephenson and Co., New- 
castle, which were put in hand forthwith, in anticipation 
of the opening.of the railway. These were constructed 
after Mr. Stephenson’s most matured designs, and embodied 
al] the improvements which he had contrived up to that 
time. No. I. engine, the “ Locomotion,” which was. first 
dchvered, weighed about eight tons. It had one large fluo 
or tube through the boiler, by which the heated air passed 
direct from the furnace at one end, lined with fire-bricks, 
to the chimney at the other. The combustion in the fur- 
nace was quickencd by the adoption of the steam-blast in 
the chimney. The heat raised was sometimes so great, and 
if was so imperfectly abstracted by the surrounding water, 
that the chimney became almost red-hot. Such engines, 
when put to their speed, were found capable of running at 
the rate of from twelve to sixteen miles an hour; but they 
were better adapted for the heavy work of hauling cval- 
trains at low speeds—for which, indeed, they were specially 
constructed—than for running at the higher speeds after 
wards adopted. Nor was it contemplated by the directors 
as possible, at the time when they were ordered, that loco- 
motives could be made available for the purposes of passenger 
travelling. Besides, the Stocktgn and Darlington Railway 
did not run through a district in which passengers were 
supposed to be likely to constitute any considerable portion 
of the traffic. 

We may casily imagine tne anxiety felt by Mr. Stephen- 
son during the progress of the works towards completion, 
and his mingled hopes and doubts (though his doubts were 
but few) as to the issue of this great experiment. When 
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the formation of the line near Stockton was well advanced, 
Mr. Stephensun one day, accompanied by his son Robert 
and John Dixon, made a journey of inspection of the works. 
‘I'he party reached Stockton, and proceeded to dine at one 
of the inns there. After dinner, Stephenson ventured 
on the very unusual measure of ordering in a bottle of 
wine, to drink success to the railway. John Dixon relates 
with pride the utterance of the master on the occasion. 
‘Now, lads,” said he to the two young men, “I venture 
to tell you that 1 think you will live to see the day when 
railways will supersede almost all other methods of convey- 
ance in this country—when mail-couches will go by railway, 
and railroads will become the great highway for the king 
and all his subjects. The time is coming when it will be 
cheaper for a working man to travel upon a railway thar. to 
walk on foot. I know there are great and almost insur- 
mountable difficulties to be encountered ; but what I have 
suid will come to pass as sure as you live. I only wish I 
may live to see the day, though that I can scarcely hope for, 
as I know how slow all human progress is, and with what 
difficulty I have been able to get the locomotive thus far 
adupted, notwithstanding my more than ten years’ successful 
experiment at Killingworth.” The result, however, out- 
stripped even the most sanguine anticipations of Stephenson ; 
and his son Robert, shortly after his return from America in 
1827, saw his father’s locomotive generally employed as the 
tractive power on railways. 

The Stockton and Darlington line was opened for traffic 
on the 27th September, 1825. An immense concourse of 
people assembled from all parts to witness the ceremony of 
opening, this first public railway. The powerful opposition 
which the project had encountered, the threats which were 
still uttered against the company by the road-trustees and 
others, who declared that they would yet prevent the ling 
being worked, and perhaps the general unbelief as to its 
success which still prevailed, tended to excite the curiosity 
of the public as to the result. Some went to rejvice at the 
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opening, some to see the “bubble burst ;” and there were 
many prophets of evil who would not miss the blowing up 
of the boasted travelling engine. The opening was, how- 
ever, auspicious. The proceedings commenced at Brusselton 
Incline, about nine miles above Darlington, where the fixed 
engine drew a train of loaded waggons up the incline from 
the west, and lowered them on the east side. At the foot 
of the incline a locomotive was in readiness to receive them, 
Stephenson himself driving the engine. The train con- 
sisted of six waggons loaded with couls and flour; after 
these was the pussenger-coach, filled with the directors and 
their friends, and then twenty-one waggons fitted up with 
temporary seats for passengers; and lastly came six 
waggon-loads of coals, making in all a train of thirty-eight 
vehicles. The local chronicler of the day almost went 
beside himself in describing the extraordinary event :— 
“'The signal being given,” he says, “the engine started off 
with this immense train of carriages; and such was its 
velocity, that in some parts the speed was frequently 12 
miles an hour!” By the time it reached Stockton there 
were about 600 persons in the train or hanging on to the 
waggons, which must have gone at a safe and steady pace 
of from four to six miles an hour from Darlington. ‘“ The 
arrival at Stockton,” it is added, “excited a deep interest 
and admiration.” 

The working of the lhne then commenced, and the results 
were such as to surprise even the most sanguine of its pro- 
jectors. The traffic upon which they had formed their 
estimates of profit proved to be small in comparison with 
that which flowed in upon them which they had never 
dreamt of. Thus, what the company had principally relied 
upon for their receipts was the carriage of coals for land 
sale at the stations along the line, whercas the haulage of 
coals to the seaports for exportation to the London markct 
was not contemplated as possible. When the bill was 
before Parliament, Mr. Lambton (afterwards Earl of 
Durham) succeeded in getting a clause inserted, Limiting 
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the charge for the haulage of all coal to Stockton-on-Tees 
for the purpose of shipment to 4d. per ton per mile ; whereas 
a rate of 4d. per ton was allowed to be taken for all coals 
lud upon the railway for land sale. Mr. Lambton’s object 
in enforcing the low rato of 4d. was to protect his own 
trade in coal exported from Sunderland and the northern 
ports. Ife believed, in common with everybody else, that 
the 4d. rate would effectually secure him against compcti- 
tion on the part of the Company ; for 1t was not considered 
possible to lead coals at that price, and the proprietors of 
the railway themselves considered that such a rate would 
be utterly ruinous. The projectors never contemplated 
sending more than 10,000 tons a year to Stockton, and 
those only for shipment as ballast; they looked for their 
profits almost exclusively to the land sale. The result, 
however, was as surprising to them as it must have been 
to Mr. Lambton. The 4d. rate which was foreed upov 
them, instead of being ruinous, proved the vital clement in 
the success of the railway. In the course of a few years, 
the annual shipment of coal, led by the Stockton and Dar- 
lington Railway to Steckton and Middlesborough, was more 
than 500,000 tons; and it has since far exceeded this 
amount. Instead of being, as anticipated, a subordinate 
branch of traffic, it proved, in fact, the main traffic, while 
the Jand sale was merely subsidiary. 

The anticipations of the company as to passenger traffic 
were in like manner more than realised. At first, passen- 
gers were not thought of; and it was only while the works 
were in progress that the starting of a passenger coach was 
seriously contemplated. The number of persons travelling 
between the two towns was very small; and it was not 
known whether these would risk their persons upon the 
jron road. It was determined, however, to make trial of a 
railway coach; and Mr. Stephenson was authorised to have 
one built at Newcastle, at the cost of the company. This 
was done accordingly; and the first railway passenger 
carriage was built after our engineer's design. It was, how. 
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ever, a very modest, and indeed a somewhat uncouth 
machine, more resembling the caravans still to be seen at 
country fairs containing the “Giant and the Dwarf” and 
other wonders of the world, than a passenger-coach of any 
extant form. <A row of seats ran along each side of the 
interior, and a long deal table was fixed in the eentre; the 
access being by means of a door at the back end, in the 
manner of an omnibus. This eoach arrived from Newcastle 
the day before the opening, and formed part of the railway 
procession above described. May. Stephenson was consulted 
as tu the name of the coach, and lw at once suggested “The 
Experiment ;” and by this name it was called. The Com- 
pany’s arms were afterwards painted on her side, with the 
motto “ Periculum privatum utilitas publica.” Such was 
the sole passenger-carrying stock of the Stockton and Dar- 
lington Company in the year 1825. But the “ Experiment” 
proved tho forerunner of a mighty traffic: aod long time 
did not-elapse before it was displaced, not only by improved 
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coaches (still drawn by horses), but afterwards by long 
trains of passenger-carriages drawn by locomotive engines. 

“The Experiment” was fairly started as a passenger- 
coach on the 10th October, 1825, a fortnight after the open- 
ing of the linc. It was drawn by onc horse, and performed 
a journey daily each way between the two towns, accom- 
plishing the distance of twelve miles in about two hours. 
The fare charged was a shilling without distinction of class ; 
and each passenger was allowed fourteen pounds of luggage 
free. ‘The Experiment” was not, however, worked by 
the company, but was let to contractors who worked it 
under an arrangement whereby toll was paid for the use of 
the line, rent of booking-cabins, &c. 

The speculation answered so well, that several private 
coaching companics were shortly after got up by innkeepers 
at Darlington and Stockton, for the purpose of running 
other coaches upon the railroad ; and an active competition 
for passenger traffic sprang up. “The Experiment” being 
found too heavy for one horse to draw, besides being found 
an uncomfortable machine, was banished to the coal dis- 
trict. Its place was then supphed by other and better 
vchicles,—though they were no other than old stage-coach 
bodies purchased by the company, and cach mvunted upon 
an underframe with flange-wheels. These were Iet on hire 
to the coaching companies, who horsed and managed them 
under an arrangement as to tolls, in like manner as the 
« Experiment’ had been worked. Now began the distinc- 
tion of inside and outside passengers, equivalent to first and 
second class, paying different fares. The competition with 
each other upon the railway, and with the ordinary stage- 
coaches upon the road, soon brought up the speed, which 
was increased to ten miles an hour—the mail-coach rate of 
travelling in those days, and considered very fast. 

Mr. Clephan, a native of the district, has described some 
of the curious features of the competition between the rival 
coach companies :—‘‘ There were two separate coach compa- 
nies in Stuckton, and amusing collisions sometimes occurred 
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between the drivers—who found on the rail a novel element 
for contention. Coaches cannot pass each other on the rail 
as on the road ; and, as the line was single, with four sidings 
in the mile, when two coaches met, or two trains, or coach 
and train, the question arose which of the drivers must go 
back? This was not always scttled in silence. As to 
trains, 1t came to be a sort of understanding that empty 
should give way to loaded waggons ; and as to trains and 
coaches, that the passengers should have preference over 
coals; while coaches, when they met, must quarrel it out. 
At length, midway between sidings, a post was erected, 
aud a rule was luid down that he who had passed the pillar 
must go on, and the ‘coming man’ go back. At the Goose 
Pool and Harly Nook, it was common for these coaches to 
stop; and there, as Jonathan would say, passengers and 
coachmen ‘liquored.’ One coach, introduced by an inn- 
keeper, was a compound of two mourning-coaches, — an 
approximation to the real railway-coach, which still adheres, 
with multiplying exceptions, to the stage-coach type. One 
Dixon, who drove the ‘Experiment’ between Darlington 
and Shildon, is the inventor of carriage-lighting on the rail. 
On a dark winter night, having compassion on his passen- 
gers, he would buy a penny candle, and place it hghted 
amongst them on the table of the ‘ Experiment ’—the first 
railway-coach (which, by the way, ended its days at Shildon 
as a railway cabin), being also the first coach on the rail 
(first, second, and third class jammed all into one) that 
indulged its customers with light in darkness.” 

The traffic of all sorts increased so steadily and so rapidly 
that considerable difficulty was experienced in working it 
satisfactorily. It had been provided by the first Stockton 
and Darlington Act that the line should be free to all 
partics who chose to use it at certain prescribed rates, and 
that any person might put horses and waggons on the rail- 
way, and carry for himself. But this arrangement led to 
increasing confusion and difficulty, and could not continue 
in the face of a large and rapidly-iucreasing traffic. The 
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goods trains got so long that the carriers found it necessary 
to call in the aid of the locomotive engine to help them on 
their way. Then mixed trains of passengers and merchan- 
dise began to run; and the result was that the railway 
company found it necessary to take the entire charge and 
working of the traffic. In course of time new coaches 
were specially built for the better accommodation of the 
public, until at length regular passenger-trains were run, 
drawn by the locomotive engi Is Was not. 
until after the Liverpool and Manchester Company had 
established this as a distinct branch of their traffic. 

The three Stephenson locomotives were from the first 
regularly employed to work the coal trains; and their 
proved efficiency fur this purpose Jed to the gradual increase 
of the locomotive power. The speed of the engines—slow 
though it secins now—was in those days regar me d as some- 
thing marvellous. A race actually came oft between No. LL. 
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engine, the “Locomotion,” and one of the stage-coaches 
travelling from Darlington to Stockton by the ordinary 
road ; and it was regarded as a great triumph of mechanical 
skill that the locomotive reached Stockton first, beating the 
stage-coach by about a hundred yards! The same engine 
continued in good working order in the year 1846, when it 
headed the railway procession on the opening of the Mid- 
dlesborough and Redcar Railway, travelling at the rate of 
about fourtcen miles an hour. This engine, the first that 
travelled upon the first public railway, has recently been 
placed upon a qiedestal in front of the railway station at 
Darlington. 

For some years, however, the principal haulage of the line 
was performed by horses. The inclination of the gradients 
being towards the sea, this was perhaps the cheapest mode 
of traction, so long as the traffic was not very large. The 
horse drew the train along the level road, until, on reaching 
a descending gradient, down which the train ran by its own 
gravity, the animal was unharnessed, and, when loose, he 
wheeled round to the other end of the waggons, to which a 
“dandy-cart” was attached, its bottom being only a few 
inches from the rail. Bringing his step into unison with 
the speed of the train, the horse learnt to leap nimbly into 
his place in this waggon, which was usually fitted with a 
well-filled hay-rack. 

The details of the working were gradually perfected by 
experience, the projectors of the line being scarcely con- 
scious at first of the importance and siguificance of the 
work which they had taken im hand, and little thinking 
that they were laying the foundations of a system which 
was yet to revolutionise the internal communications of the 
world, and confer the greatest blewsings on mankind. It is 
important to note that the commercial results of the enter- 
prise were considered satisfactory from the opening of the 
railway. Besides conferring a great public bencfit upon 
the inhabitants of the district and throwing open entircly 
new markets for coal, the profits derived from the traffic 
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created by the railway yiclded increasing dividends to those 
who had risked their capital in the undertaking, and thus 
held forth an encouragement to the projectors of railways 
generally, which was not without an important effect in 
stimulating the projection of similar enterprises in other 
districts. These results, as displayed in the annual 
dividends, must have been eminently encouraging to the 
astute commercial men of Liverpool and Manchester, who 
were then engaged in the prosecution of their railway. 
Indeed, the commercial success of the Stockton and Dar- 
lington Company may be justly characterised as the turning- 
point of the railway system. 

Before leaving this subject, we cannot avoid alluding to 
one of its most remarkable and direct results—the creation 
of the town of Middlesborough-on-Teecs. When the railway 
was opened in 1825, the site of this future metropolis of 
Cleveland was occupied by one solitary farmhouse and its 
outbuildings. All round was pasture-land or mud-banks ; 
scarcely another house was within sight. In 1829 some of 
the principal proprietors of the railway joined in the purchase 
of about 500 or 600 acres of land five miles below Stock- 
tun—the site of the modern Middlesborough—for the pur- 
pose of there forming a new seaport for the shipment of coals 
brought to the Tees by the railway. The line was accordingly 
extended thither ; docks were excavated ; a town sprang up ; 
churches, chapels, and schools were built, with a custom- 
house, mechanics’ institute, banks, shipbuilding yards, and 
iron-factories. In ten years a busy population of some 
6000 persons (since increased to about 23,000) occupied the 
site of the original farmhouse.* More recently, the discovery 


* Middiesborough does not furnish 
the only instance of the extraor- 
dinary increase of population in 
certain localities, occasioned by rail- 
ways. Hartlepool, in the same 
neighbourhood, has in thirty years 
increased from 1330 to above 15,000 ; 
and Stockton-on-Tees from 7763 to 


above 16,000. In 1831 Crewe was 
a little village with 295 inhabi- 
tants: it now numbers upwards of 
10,000. Rugby and Swindon have 
quadrupled their population in the 
same time. The railway has been 
the making of Southampton, and 
added 30,000 to its formerly small 
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of vast stores of ironstono in the Cleveland TTills, closely 
adjoining Middlesborough, has tended still more rapidly to 
augment the population and increase the commercial in- 
portance of the place. 

It is pleasing to relate, in connexion with this great 
work—the Stoeletort and Darlington Railway, projected by 
Edward Pease and exccuted by George Stephenson-—that. 
when Mr. Stephenson became a prosperous and a celebrated 
man, he did not forget the friend who had taken him by 
the hand, and helped him on in his early days. He con- 
tinned to remember Mr. Pease with gratitude and affection, 
and that gentleman, to the close of his life, was proud to 
exhibit a handsome gold watch, received as a gift from his 
celebrated protege, bearing these words;—~‘ Esteem and 
vratitude: from George Stephenson to Edward Pease.” 


number of inhabitants. In like | is now nearly £0,000. Reigate has 
manner the railway has taken; been trebled in size, and Redhill 
London to the sea-side, and in- | has been created by the railway. 
ercased the population of Brighton Blackheath, Forest Till, Sydenham, 
from 40,000 to nearly 100,000. New Cross, Win:bledon, and «a 
That of Folkestone has been trebled. number of populous places round 
New and populous suburbs have Tondon, may almost be said to have 
sprung up all round London. The sprung into existence sinee the 
population of Stratford-lc-Bow and | extension of railways to them within 
West Ham was 11,580 in 1831; it | the last thirty years. 





MidWesborough-on-[ees, 
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CHAPTER IX. 


Tur Liverroot anp Mancnestern RAILWAY PROJECTED. 


Tun rapid growth of the trade and manufactures of South 
Lancashire gave rise, about the year 1821, to the project of 
a tramroad for the conveyance of goods between Liverpool 
and Manchester. Since the construction of the Bridge- 
water Canal by Brindley, some fifty years before, the 
increase In the business transacted between the two towns 
had become quite marvellous. ‘The steam-cngine, the 
spinning-jenny, and the canal, working together, had accu- 
mulated in one focus a vast aggregate of population, manu- 
factures, and trade. 

Such was the expansion of business caused by the inven- 
tions to which we have referred, that the navigation was 
found altogether inadequate to accommodate the traffic, 
which completely outgrew all the Canal Companies’ 
appliances of wharves, boats, and horses. Cotton lay at 
Liverpool for weeks together, waiting to be removed; and 
it occupied a longer time to transport the cargoes from 
Liverpool to Manchester than it had done to bring them 
across the Atlantic from the United States to England. 
Carts and waggons were tried, but proved altogether 
insufficient. Sometimes manufacturing operations had to 
be suspended altogether, and during a frost, when the 
canals were frozen up, the communication was entirely 
stopped. The consequences were often disastrous, alike to 
operatives, merchants, and manufacturers. 

Expostulation with the Canal Companies was of no use. 
They were overcrowded with business at their own prices, 
and disposed to be very dictatorial. When the Duke first 
constructed his canal, he had to encounter the fierce opposi- 
tion of the Irwell and Mersey Navigation, whose monopoly 
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his now line of water conveyance threatened to interfere 
with.* But the innovation of one generation often becomes the 
obstruction of the next. ‘The Duke’s agents would scarcely 
listen to the remonstrances of the Liverpool merchants and 
Manchester manufacturers, and the Bridgewater Canal was 
accordingly, in its turn, denounced as a monopoly. 

Under these circumstances, any new mode of transit 
between the two towns which offered a reasonable prospect 
of relief was certain to reccive a cordial welcome. The 
scheme of a tyamroad was, however, so new and compara- 
tively untried, that it is not surprising that the partics 
interested should have hesitated before committing them- 
sclves to it. Mr. Sandars, a Liverpool merchant, was 
amongst the first to broach the subject. He had suffered 
in his business, In common with many others, from the 
insufficiency of the existing modes of communication, and 
was ready to give consideration to any plan presenting 
clements of practical efficiency which proposed a remedy 
for the gencrally admitted gricvance. Having caused 
inquiry to be made as to the success which had attended 
the haulage of heavy coal-trains by locomotive power on 
the northern railways, he was ied to the opinion that the 
saine means might be equally efficient in conducting the 
Increasing traffic m merchandise between Liverpool and 
Manchester. He ventilated the subject amongst his 
friends, and about the beginning of 1821 a committee 
was formed for the purpose of bringing the scheme of a 
railroad before the public. 

Ihe novel project having become noised abroad, attracted 
the attention of the friends of railways in other quarters. 
Tramroads were by no meags new expedients for the 
transit of heavy articles. The Croydon and Wandsworth 
Railway, laid down by William Jessop as early as the year 
1801, had becn regularly used for the conveyance of lime 
and stune in waggons hauled by mules or donkeys from 
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Merstham to London. The sight of this humble railroad 
in 1813 led Sir Richard Phillips in his ‘Morning Walk to 
Kew’ to anticipate the great advantages which would be 
derived by the nation from the general adoption of Blen- 
kinsop’s engine for the conveyance of mails and passengers 
at ten or even fifteen miles an hour. In the same year we 
find Mr. Lovell Kdgworth, who had for fifty years been 
advocating the superiority of tram or rail roads over common 
roads, writing to James Watt (7th August, 1813): “JI have 
always thought that steam would become, the universal 
lord, and that we should in time scorn post-horses ; an iron 
railroad would be a cheaper thing than a road upon tho 
common construction.” 

Thomas Gray, of Nottingham, was another speculator on 
the same subject. Though he was no mechanic nor in- 
ventor, he had an enthusiastic belief in the powers of the 
railroad system. JDeing a native of Leeds, he had, when a 
boy, secn Blenkinsop’s locomotive at work on the Middle- 
ton cogged railroad, and from an early period he scems to 
have entertained almost as sanguine views on the subject 
as Sir Richard Phillips. It would appear that Gray was 
residing in Brussels in 1816, when the project of a canal 
from Charleroi, for the purpose of connecting Holland with 
the mining districts of Belgium, was the subject of discus- 
sion; and, in conversation with Mr. John Cockerill and 
others, he took the opportunity of advocating the superior 
advantages of a railway. Ie was absorbed for some timo 
with the preparation of a pamphlet on the subject. He 
shut himself up, sccluded from his wife and relations, de- 
clining to give them any information as to his mysterious 
studies, beyond the assurance that his scheme “would 
revolutionise the whole face of the material world and of 
society.” In 1820 Mr. Gray published the result of bis 
studies in his ‘Observations on a General Iron Railway,’ 
in which, with great cogency, he urged the superiority of 
a locomotive railway over common roads and canals, point- 
ing out, at the same time, the advantages to all classes of 


CHap, IX. THOMAS GRAY. 149 


the community of this mode of conveyance for merchandise 
and persons. In this book Mr. Gray suggested a railway 
between Manchester and Liverpool, “which,” he observed, 
“would employ many thousands of the distressed population 
of Lancashire.” ‘The treatise must have met with a ready 
sale, as we find that two years latcr it had passed mto a 
fourth edition. In 1822 Mr. Gray added diagrams to the 
book, showing, in one, suggested lines of railway connect- 
ing the principal towns of Iwngland, and in another, the 
principal towns of Ireland. 

These speculations show that the subject of railways was 
gradually becoming familiar to the public iind, and that 
thoughtful men were anticipating with confidence the 
adoption of steam-power for the purposes of railway trac- 
tion. At the same time, a still more profitable class of 
labourers was at work—first, men like Stephenson, who 
were engaged im improving the locomotive and making it a 
practicable and economical working power; and next, those 
like Edward Pease of Darlington, and Joseph Sandars of 
Liverpool, who were organising the means of laying down 
the railways. Mr. William James, of West Bromwich, 
belonged to the active class of projectors. Te was a man 
of considerable social influence, of an active temperament, 
and had froin an early period taken a warm interest in the 
formation of tramroads. Acting as land-agent for gentlemen 
of property in tho mining districts, he had laid down 
several tramroads in the neighbourhood of Birmingham. 
Gloucester, and Bristol ; and he published many pamphlets 
urging their formation in other places. At one period of 
his life he was a large iron-mannufacturer. The times, how- 
ever, went against him. It was thought he was too bold, 
some considered him even reckléss, in his speculations ; and 
he lost almost his entire fortune. He continued to follow 
the business of a land-agent, and it was while engaged in 
making a survey for one of his clients in the neighbour- 
hood of Liverpool early in 1821, that he first heard of the 
project of a railway between that town and Manchester. 
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He at once called upon Mr. Sandars, and offered his services 
as surveyor of the proposed lino, and his offer was ac- 
cepted. 

A trial survey was then _—: but it was conducted 
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with great difficulty, the inhabitants of the district enter- 
taining the most violent prejudices against the scheme. In 
some places Mr. James and his surveying party even en- 
countered personal violence. The farmers stationed men at 
the field-gates with pitchforks, and sometimes with guns, 
to drive them back. At St. Helen’s, one of the chainmen 
was laid hold of by a mob of colliers, and threatened to be 
hurled down a coal-pit. A number of men, women, and 
children, collected and ran after the surveyors wherever 
they made their appearance, bawling nicknames and throw- 
ing stones at them. As one of the chainmen was climbing 
over a gate one day, a labourer mado at him with a pitch- 
fork, and ran it through his clothes into his back; other 
watchers running up, the chainman, who was more stunned 
than hurt, took to his heels and fled. But that mystcrious- 
looking instrument—tho theodolite—most excited the fury 
of the natives, who concentrated on the man who carried 
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it their fiercest execrations and most offensive nick- 
namcs. 

A powerful fellow, a noted bruiser, was hired by the 
surveyors to carry the instrument, with a vicw to its pro- 
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tection against all assailants; but one day an equally 
powerful fellow, a St. ITelen’s collier, cock of the walk in 
his neighbourhood, made up to the theodolite bearer to 
wrest it from him by sheer force. A battle took place, the 
collier was soundly pummelled, but the natives poured in 
volleys of stones upon the surveyors and their instruments, 
and the theodolite was smashed to pieces. 

An outline-survey having at length been made, notices 
were published of an intended application to Parlhament. 
In the mean time Mr. James proceeded to Killingworth to 
sce Stephenson's locomotives at avork. Stephenson was not 
at home at the time, but James saw his engines, and was 
very much struck by their power and efficiency. He saw 
at a glance the magnificent uses to which the locomotive 
might be applicd. “Here,” said he, “is an engine that 
will, before long, effect a complete revolution in socicty.” 


m? 
Returning to Moreton-in-the-Marsh, he wrote to Mr. Losh 
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(Stephenson’s partner in the patent) expressing his admira- 
tion of the Killingworth engine. “It is,” said he, “ the 
ereatest wonder of the age, and the forerunner, as I firmly 
believe, of the most important changes in the imtcrnal 
communications of the kingdom.” Shortly after, Mr. 
James, accompanied by his two sons, made a second jour- 
ney to Killingworth, where he met both Losh and 
Stephenson. ‘The visitors were at once taken to wkere 
the locomotive was working, and invited to mount it. 
The uncouth and extraordinary appearance of the machine, 
as it came snorting along, was sumewhat alarming to the 
youths, who expressed their fears lest 1t should burst; and 
they were with some difficulty induced to mount. 

The engine went through its usual performances, drag- 
ving a heavy load of coal-waggons at about six miles an 
hour, with apparent case, at which Mr. James expressed 
lus extreme satisfaction, and declared to Mr. Losh his 
opinion that Stephenson “ was the greatest practical genius 
of the age,” and that, “if he developed the full powers of 
that engine (the locomotive), his fame in the world would 
rank equal with that of Watt.” Mr. James informed Ste- 
phenson and Losh of his survey of the proposed tramroad 
between Liverpool and Manchester, and did not hesitate to 
state that he would thenccforward advocate the construc- 
tion of a locomotive railroad instead of the tramruad which 
had originally been proposed. 

Stephenson and Losh were naturally desirous of enlisting 
James's good services on behalf of their patent locomotive, 
for as yet it had proved comparatively unproductive. hey 
believed that he might be able so to advocate it in in- 
fuential quarters as to ensure its more extensive adoption, 
and with this object they proposed to give him an interest 
in the patent. Accordingly they assigned him one-fourth 
of any profits which might be derived from the use of the 
patent locomotive on any railways constructed south of a 
line drawn across England from Liverpool to Hull. The 
urrangement, however, led to no beneficial results, Mr. 
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James endeavoured to introduce the engine on the Morcton- 
on-Marsh Railway; but it was opposed by the engineer of 
the line, and the attempt failed. He next urged that a 
locomotive should be sent for trial upon the Merstham 
tramroad ; but, anxious though Stephenson was respecting 
its extended employment, he was too cautious to risk an 
experiment which might only bring discredit upon the 
engine; and the Merstham road beimg only laid with cast- 
iron plates, which would not bear its weight, the invitation 
was declined. 

It turned out that the first survey of the Liverpool and 
Manchester line was very uuperfect, and it was determined 
to have a second and more complete one made in the fol- 
lowing year. Robert Stephenson was sent over by his 
father to Liverpool! to assist in this survey. THe was present 
with Mr. James on the occasion on which he tried to lay 
ont the line across Chat Moss,—-a precceding which was not 
only difficult but dangerous. ‘The Moss was very wet at 
the time, and only its edges could be ventured on. May. 
James was a heavy, thick-set man; and one day, when 
endeavouring to obtain a stand for his theodolite, he felt 
himself suddenly sinking. Jle immediately threw himself 
down, and rolled over and over until he reached firm ground 
again, in a sad mess. Other attempts which he subse- 
quently made to enter upon the Moss for the same purpose, 
were abandoned for the same reason—the want of a sohd 
stand for the theodolite. 

On the 4th October, 1822, we find Mr. James writing to 
Mr. Sandars, “I came last night to send my aid, Robert 
Stephenson, to his father, and to-morrow I shall pay off 
Evans and Hamilton, two other assistants. I have now 
only Messrs. Padley and Clarke to dnish the copy of planus 
for Parliament, which will be done in about a week or nine 
days’ time.” 1t would appear however, that, notwithstand- 
mg all lus exertions, Mr. James was unable to complete his 
jians and estimates in time for the ensuing Session ; ana 
another year was thus lost. Vhe Railroad Committee 
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became impatient at the delay. Mr. James’s financial 
embarrassments reached their climax; and, what with 
illness and debt, he was no longer in a position to fulfil his 
promises to the Committee. They were, therefore, under 
the necessity of calling to their aid some other engineer. 

Mr. Sandars had by this time visited George Stephenson 
at Iallingworth, and, like all who came within reach of his 
personal inflnence, was charmed with him at first sight. 
The energy which he had displayed in carring on the works 
of the Stockton and Darlington Railway, now approaching 
completion ; his readiness to face difficulties, and his prac- 
tical ability in overcoming them; the enthusiasm which 
he displayed on the subject of railways and railway loco- 
motion,—concurred in satisfying Mr. Sandars that he was, 
of all men, the best calculated to help forward the Liver- 
pool undertaking at this juncture. On his return he stated 
this opinion to the Committee, who approved his recom- 
mendation, and George Stephenson was unanimously ap- 
pointed engineer of the projected railway. 

It will be observed that Mr. Sandars had held to his 
original purpose with great determination and perseverance, 
and he gradually succeeded in enlisting on his side an 
increasing number of influential merchants and manufac- 
turers buth at Liverpool and Manchester. Early in 1824 
he published a pamphlet, in which he strongly urged the 
sreat losses and interruptions to the trade of the district by 
the delays in the forwarding of merchandise; and in the 
same year he had a Public Declaration drawn up, and 
signed by upwards of 150 of the principal merchants of 
Liverpool, setting forth that they considered “the present 
establishments for the transport of goods quite inadequate, 
and that a new line of conveyance has become absolutely 
necessary to conduct the increasing trado of the country 
with speed, certainty, and economy.” 

A public meeting was then held to consider the best plan 
to be adopted, and resolutions were passed in favour of a 
railroad. A committee was appointed to take tho necessary 
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measures; but, as if reluctant to enter upon their arduous 
struggle with the “vested interests,” they first waited on 
Mr. Bradshaw, the Duke of Bridgewater’s canal agent, in 
the hope of persuading him to increase the means of con- 
veyance, as well as to reduce the charges; but they were 
met by an unqualified refusal. They suggested the expo- 
diency of a railway, and invited Mr. Bradshaw to become 
a proprietor of shares in it. But his reply was—“ All or 
none!” The canal proprictors, confident in their imagined 
security, ridiculed the proposed railway as a chimera. It 
had been spoken about years before, and nothing had come 
of it then: it would be the same now. 

In order to form a better opinion as to the practicability 
of the railroad, a deputation of gentlemen interested in tho 
project proceeded to Killmgworth, to inspect the engines 
which had been so long in use there. They first went to 
Darlington, where they found the works of the Stockton 
line in progress, though still unfinished. Droceeding next 
tv Kollingworth with Mr. Stephenson, they there witnessed 
the performances of his locomotive engines. The result of 
their visit was, on the whole, so satisfactory, that on their 
report being delivered to the committee at Liverpool, it 
was finally determined to form a company of proprietors for 
the construction of a double linc of railway between Liver- 
pool and Manchester. 

The first prospectus of the scheme was dated the 29th 
October, 1824, and had attached to it the names of the 
leading merchants of Liverpool and Manchester. It was a 
ruodest document, very unlike the inflated balloons which 
wero sent up by railway speculators in succeeding years. 
It set forth as its main object the establishment of a safe 
and cheap mode of transit for merghandise, by which the 
conveyance of goods between the two towns would be 
effected in 5 or 6 hours (instead of 36 hours by the canal), 
whilst the charges would be reduced one-third. On looking 
at the prospectus now, it is curious to note that, while the 
advantages anticipated from the carriage of merchandise 
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were strongly insisted upon, the conveyance of passengers 
—which proved to be the chicf source of profit—was only 
very cautiously referred to. ‘As a cheap and expeditious 
means of conveyance for travellers,” says the prospectus in 
conclusion, “the railway holds out the fair prospect of a 
public accommodation, the magnitude and importance of 
which cannot be immediately ascertained.” The estimated 
expense of forming the line was set. down at 400,0002.,— 
a sum which was eventually found quite inadequate. 
‘The subscription list when opened was filled up without 
difficulty. é 

While the project was still under discussion, its pro- 
moters, desirous of removing the doubts which existed as to 
the employment of steam power on the proposed railway, 
sent a second deputation to Killingworth for the purpose 
of again observing the action of Stephenson's engines. 
The cautious projectors of the railway were not yet quito 
satisfied ; and a third journey was made to Killingworth, 
in January, 1825, by several gentlemen of the comunittce, 
accompanied by practical engineers, for the purpose of 
being personal eye-witnesses of what stcam-carriages were 
able to perform upon a railway. There they saw a train, 
consisting of a locomotive and loaded waggons, weighing in 
all 54 tons, travelling at the average rate of about 7 miles 
an hour, the greatest speed being about 94 miles an hour. 
But when the cngine was run with only one waggon at- 
tached containing twenty gentlemen, five of whom were 
engineers, the speed attaincd was from 10 to 12 miles an 
hour. 

In the mean time the survey was proceeded with, in the 
face of great opposition from the proprictors of the lands 
through which the railway was intended to pass. ‘The 
prejudices of the farming and Jabouring classes were 
strongly excited against the persons employed upon the 
ground, and it} was with the greatest difficulty that the 
levels could be taken. At one place, Stephenson was driven 
off the ground by the keepers, and threatened to be ducked 
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in the pond if found there again. The farmers also turned 
out their men to watch the surveying party, and prevent. 
them entering upon any lands where they had the power 
of driving them off. 

One of the proprietors declared that he would order his 
game-keepers to shoot or apprehend any persons attempting 
a survey over his property. But one moonlight night a 
survey was obtained by the following ruse. Some men, 
under the orders of the surveying party, were set to fire off 
guns in a particular quarter ; on which all the gamekecpers 
on the watch made off m that direction, and they were 
drawn away to such a distance in pursuit of the supposed 
poachers, as to enable a rapid survey to be made during 
their absence. 

When the canal companies found that the Liverpool 
merchants were determined to proceed with their scheme— 
that they had completed their survey, and were ready to 
apply to Parhament for an Act to enable them to form the 
railway—they at last reluctantly, and with a bad grace, 
made overtures of conciliation. ‘They promised to employ 
steam-vessels both on the Mersey and on the Canal. One 
of the companies offered to reduce its length by three miles, 
at a considerable vutlay. At the same time they made a 
show of lowering their rates. But it was too late; for the 
project of the railway had now gone so far that the pro- 
moters (who might have been conciliated by such overtures 
at an earlier period) felt they were fully committed to it, 
and that now they could not well draw back. Besides, the 
remedies offered by the canal companies could only have 
had the effect of staving off the difficulty for a brief season, 
——the absolute necessity of forming a new line of communi- 
cation between Liverpool and Manchester becoming more 
urgent from year to year. Arrangements were thercfore 
made for proceeding with the bill in the parliamentary 
session of 1825, 

On this becoming known, the canal companies prepared 
to resist the measure tooth and nail. The public were 
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appealed to on the subject; pamphlets were written and 
newspapers were hired to revile the railway. Jt was de- 
clared that its formation would prevent cows grazing and 
hens laying. ‘The poisoned air from the locomotives would 
kill birds as they flew over them, and render the prcserva- 
tion of pheasants and foxes no longer possible. Houss- 
holders adjoining the projected line were told that their 
houses would be burnt up by the fire thrown from the 
engine-chimneys; while the air around would be polluted 
by clouds of smoke. There would no longer be any use for 
horses ; and if railways extended, the specics would become 
extinguished, and oats and hay be rendered unsaleable com- 
modities. ‘Travelling by rail would be highly dangerous, 
and country inns would be ruined. Boilers would burst 
and blow passengers to atoms. But there was always this 
consolation to wind up with—that the weight of the 
locomotive would completely prevent its moving, and that 
railways, even if made, could never be worked by steam- 
power. 

Indeed, when Mr. Stephenson, at the interviews with 
counsel, held previous to the Liverpool and Manchester bul 
going into Committce of the House of Commons, confidently 
stated his expectation of being able to impel his locomotive 
at the rate of 20 miles an hour, Mr. Wilham Broughain, 
who was retained by the promoters to conduct their case, 
frankly told him that if he did not moderate his views, and 
bring his engine within a reasonable speed, he would “ in- 
evitably damn the whole thing, and be himsclf regarded as 
a maniac fit only for Bedlam.” 

The idea thrown out by Stephenson, of travelling at a 
rate of speed double that of the fastest mail-coach, appeared 
at the time so preposterous that he was unable to find any 
engineer who would risk his reputation in supporting such 
“absurd views.” Speaking of his isolation at the time, he 
subscquently observed, at a public meeting of railway men, 
in Manchester: “ He remembered the time when he had 
very few supporters in bringing out tho railway system— 
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when he sought England over for an engineer to support 
him in his evidence before Parliament, and could find only 
one man, James Walker, but was afraid to call that gentle- 
man, because he knew nothing about railways. He had 
then no one to tell his tale to but Mr. Sandars, of Liver- 
pool, who did listen to him, and kept his spirits up; and 
his schemes had at length been carried out only by dint of 
sheer perseverance.” 

George Stephenson's idea was at that time regarded as 
but the dream of a chimerical projector. It stood before 
the pnbhle fricndless, struggling hard to gain a footing, 
scarcely daring to lift itself to notice for fear of ridicule. 
The civil engincers generally rejected the notion of a Loco- 
motive Railway ; and when no leading man of the day 
could be found to stand forward in support of the Killing- 
worth mechanic, its chances of success must indeed have 
been pronounced but small. 

When such was the hostility of the civil engineers, no 
wonder the reviewers were puzzled. The ‘Quarterly, in 
an able article in support of the projected Liverpool and 
Manchester Railway,—while admitting its absolute necessity, 
and insisting that there was no choice left but a railroad, 
on which the journey between Liverpool and Manchester, 
whether performed by horses or engines, would always be 
accomplished “within the day,’—nevertheless scouted the 
idea of travelling at a greater speed than eight or nine 
miles an hour. Adverting to a project for forming a rail- 
way to Woolwich, by which passengers were to be drawn 
by locomotive engines, moving with twice the velocity of 
ordinary coaches, the reviewer observed :—“‘ What can be 
more palpably absurd and ridiculous than the prospect 
held out of locomotives travelling twice as fast as stage- 
coaches! We would as soon expect the people of Woolwich 
to suffer themselves to be fired off upon one of Congreve's 
ricochet rockets, as trust themselves to the mercy of such a 
machine going at such a rate. We will back old Father 
Thaines against the Woolwich Railway for any sum. We 


160 THE BILL BEFORE PARLIAMENT. Cuar, IX, 


trust. that Parliament will, in all railways it may sanction, 
limit the speed to eight or nine miles an hour, which we 
entirely agree with Mr. Sylvester 1s as great as can be ven- 
tured on with safety.” 

At length the survey was completed, the plans were 
deposited, the requisite preliminary arrangements were 
made, and the promoters of the scheme applied to Parha- 
ment for the neccssary powers to construct the railway 
The Bill went into Committee of the Commons on the 21st 
of March, 1825. There was an extraordinary array of 
legal talent on the occasion, but especially on the side of the 
opponents to the measure; their counsel including Mr. 
‘afterwards Baron) Alderson, Mr. (afterwards Baron) Parke, 
Mr. Harrison, and Mr. Erle. The counsel for the bill were 
Mr. Adam, Mr. Serjeant Spankie, Mr. William Brougham, 
and Mr. Joy. 

Iividence was taken at great length as to the difficulties 
and delays in forwarding raw material of all kinds from 
Liverpool to Manchester, as also in the conveyance of 
manufactured goods from Manchester to Liverpool. The 
evidence adduced in support of the bill on these grounds 
was overwhelming. The utter imadequacy of the existing 
modes of conveyance to carry on satisfuctorily the large 
and rapidly-growing trade between the two towns was 
fully proved. But then came the gist of the promoter’s 
case—the evidence to prove the practicability of a railroad 
to be worked by locomotive power. Mr. Adam, in his 
opening speech, referred to the cases of the Hetton and the 
Killingworth railroads, where heavy goods were safely and 
economically transported by means of locomotive engines. 
‘‘None of the tremendous consequences,” he observed, “ have 
ensued from the use of steam in land carriage that have 
been stated. The horses have not started, uor the cows 
ceased to give their milk, nor have ladies miscarried at the 
sight of these things going forward at the rate of four miles 
and a half an hour.” Notwithstanding the petition of 
two ladies alleging the great danger to be apprehended 
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from the bursting of the locomotive boilers, he urged the 
safety of the high-pressure engine when the boilers were 
constructed of wrought-iron; and as to the rate at which 
they could travel, he expressed his full conviction that such 
engines “could supply force to drive a carriage at the rate 
of five or six miles an hour.” 

‘The taking of the evidence as to the impediments thrown 
in the way of trade and commerce by the existing system 
extended over a month, and it was the 21st of April before 
the Committee went into the engineering evidence, which 
was the vital part of the question. 

On the 25th George Stephenson was called into the 
witness-box. It was his first appearance before a Committeo 
of the House of Commons, and he well knew what he had 
to expect. He was aware that the whole force of the oppo- 
sition was to be directed against hin ; and if they could break 
down his evidence, the canal monopoly might yet be upheld 
foratime. Many years afterwards, when looking back at his 
position on this trying occasion, he said :—‘“ When I went 
to Liverpool to plan a line from thence to Manchester, I 
pledged myself to the directors to attain a speed of 10 miles 
an hour. I said I had no doubt the locomotive might be 
made to go much faster, but that we had better be modcrate 
at the beginning. The directors said I was quite right; for 
that if, when they went to Parhament, I talked of going at 
a greater rate than 10 miles an hour, Il should put a cross 
upon the concern. It was not an easy task for me to keep 
the engine down to 10 miles an houy, but it must he done, 
and I did my best. I had to place mysclf in that most 
unpleasant of all positions—the witness-box of a Parlia- 
mentary Committee. I was not long in it, before I began 
to wish for a hole to creep outvat! I could not find words 
to satisfy either the Committee or myself. 1 was subjected 
to the cross-examination of eight or ten barristers, purposely, 
as far as possible, to bewilder me. ‘Some member of the 
Committee asked if I was a foreigner, and another hinted 
that J was mad. But I put up with every rebuff, and 
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went on with my plans, determined not to be put 
down.” 

Mr. Stephenson stood before the Committee to prove 
what the public opinion of that day held to be impossible. 
The self-taught mechanic had to demonstrate the practi- 
cability of accomplishing that which the most distinguished 
engineers of the time regarded as impracticable. Clear 
though the subject was to himsclf, and familiar as he was 
with the powers of the locomotive, it was no easy task for 
him to bring home his convictions, or even to convey his 
meaning, to the less informed minds of his hearers. In his 
strong Northumbrian dialect, he struggled for utterance, in 
the face of the sneers, interruptions, and ridicule of the 
opponents of the measure, and even of the Committee, some 
of whom shook their heads and whispered doubts as to his 
sanity, when he energetically avowed that he could make 
the locomotive go at the rate of 12 miles an hour! It was 
so grossly in the teeth of all the experience of honourable 
members, that the man “ must certainly be labouring under 
a delusion!” 

And yet his large experience of railways and iene, 
as described by himself to the Committee, entitled this 
“untaught, inarticulate genius,” as he has so well been 
styled, to speak with confidence on such a subject. Begin- 
ning with his experience as a brakesman at Iillingworth 
in 1603, he went on to state that he was appointed to take 
the entire charge of the steam-engines in 1813, and had 
superintended the raijroads connected with the numerous 
collierics of the Grand Allies from that time downwards. 
He had laid down or superintended the railways at Bur- 
radon, Mount Moor, Springwell, Bedlington, Hetton, and 
Darlington, besides improving those at Killingworth, South 
Moor, and Derwent Crook. Le had constructed fifty-five 
steam-engines, of which sixteen were locomotives. Some 
of these had been sent to France. The engines constructed 
by him for the working of the Killingworth Railroad, 
eleven years before, had continued steadily at work ever 
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since, and fulfilled his most sanguine expectations. He 
was prepared to prove tho safety of working high-pressure 
locomotives un a railroad, and the superiority of this mode 
of transporting goods over all others. As to speed, he said 
he had recommended 8 miles an hour with 20 tons, and 4 
miles an hour with 40 tons; but he was quite confident 
that much more might be done. Indeed, he had no doubt 
they might go at the rate of 12 miles. As to the charge 
that locomotives on a railroad would so terrify the horses 
in the neighbourhood, that to travel on horseback or to 
plough the adjoining fields would be rendered highly dan- 
verous, the witness said that horses learnt to take no notice 
of them, though there were horses that would shy at a 
wheelbarrow. A mail-coach was likely to be more shied at 
by horses than a locomotive. In the neighbourhood of 
Killingworth, the cattle in the fields went on grazing while 
the engines passed them, and the farmers made no complaints. 
Mr. Alderson, who had carefully studied the subject, and 
was well skilled in practical science, subjected the witness 
to a protracted and severe cross-cxamination as to the speed 
and power of the locomotive, the stroke of the piston, the 
slipping of the wheels upon the rails, and various other 
‘points of detail, Mr. Stephenson insisted that no slipping 
took place, as attempted to be extorted from him by the 
counsel. He said, “It is impossible for shipping to take 
place so long as the adhesive weight of the wheel upon the 
rail is greater than the weight to be dragged after it.” As 
to accidents, Stephenson said he knew of none that had 
occurred with his engines. There had been one, he was 
told, at the Middleton Colliery, near Leeds, with a Blen- 
kinsop engine. ‘The driver had been in liquor, and puta 
considerable load on the safety-valve, so that upon going 
forward the engine blew up and the man was killed. But 
he added, if proper precautions had been used with that 
boiler, the accident could not have happened. The follow- 
ing cross-examination occurred in reference to the question 
of speed :— 
| M 2 
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“Of course,” he was asked, “when a body is moving 
upon a road, the greater the velocity the greater the mo- 
mentum that is generated?” “Certainly.”——“ What would 
be the momentum of 40 tons moving at the rate of 12 miles 
an hour?” “It would be very great.”—-“ Have you seen a 
railroad that would stand that?” “ Yes.”—‘“ Where?” 
“Any railroad that would bear going 4 miles an hour: I 
mean to say, that if it would bear the weight at 4 milcs 
an hour, it would bear it at 12.”"—“ Taking it at 4 miles an 
hour, do you mean to say that it would not require a 
stronger railway to carry the same weight 12 miles an 
hour?” “J will give an answer to that. I dare say every 
person has been over ice when skating, or scen persons go 
over, and they know that it would bear them better at a 
greater velocity than it would if they went slower; when 
they go quick, the weight in a measure ceases.”—“ Is not 
that upon the hypothesis that the railroad is perfect?” “It 
is; and I mean to make it perfect.” 

It 1s not necessary to state that to have passed the ordeal 
of so severe a cross-examination scatheless, needed no smal] 
amount of courage, intelligence, and ready shrewdness on 
the part of the witness. Nicholas Wood, who was present 
on the occasion, has since stated that the point on which 
Stephenson was hardest pressed was that of speed. “I 
believe,” he says, “that it would have lost the Company 
their bill if he had gone beyond 8 or 9 miles an hour. If 
he had stated his intention of going 12 or 15 miles an hour, 
not a single person would have believed it to be practi- 
cable:” 

The Committee also seem to have entertained considerablo 
alarm as to the high rate of speed which had been spoken 
of, and proceeded to examine the witness further on the 
subject. They supposed the case of the engine being upset 
when going at 9 miles an hour, and asked what, in such a 
case, would become of the cargo astern. . ‘l'o which the 
witness replied that it would not be upset. One of the 
members of the Committee pressed the witness a little 
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further. He put the following case:—* Suppose, now, one 
of these engines to be going along a railroad at the rate of 
9 or 10 miles an hour, and that a cow were to stray upon 
the line and get in the way of the engine; would not that, 
think you, be a very awkward circumstance?” “ Yes,” 
replied the witness, with a twinkle in his eye, “very awk- 
ward—for the coo!” ‘lhe honourable member did not 
proceed further with his cross-examination ; to use a rail- 
way phrase, he was “shunted.” Another asked if animals 
would not be very much frightened by the engine passing 
them, especially by the glare of the red-hot chimney ? 
“But how would they know that it wasn't painted?” said 
the witness. 

On the following day, the engineer was subjected to a 
very severe examination. On that part of the scheme with 
which he was most practically conversant, his evidence was 
clear and conclusive. Now, he had to give evidence on the 
plans made by his surveyors, and the estimates which had 
been founded on such plans. So long as he was confined 
to locomotive engines and iron railroads, with the minutest 
details of which he was more familiar than any man living, 
he felt at home, and in his element. But when the designs 
of bridges and the cost of constructing them had to be gone 
into, the subject being in a great measure new to him, his 
evidence was much less satisfactory. 

Mr. Alderson cross-examined him at great length on the 
plans of the bridges, the tunnels, the crossings of the roads 
and streets, and the details of the survey, which, it soon 
clearly appeared, were in some respects seriously at fault. 
It seems that, after the plans had becn deposited, Stephen- 
son found that a much more favourable line might be made ; 
and he made his estimates accordingly, supposing that Par- 
liament would not confine the Company to the precise plan 
which had been deposited. This was felt to be a scrious 
blot in the parliamentary case, and one very difficult to be 
got Over. 

For three entire days was our engineer subjected to 
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this cross-examination. He held his ground bravely, and 
defended the plans and estimates with remarkable ability 
and skill; but it was clear they were imperfect, and the 
result was on the whole damaging to the mcasure. 

The case of the opponents was next gone into, in the 
course of which the counsel indulged in strong vituperation 
against the witnesses for the bill. Ono of them spoke of 
the utter impossiblity of making a railway upon so treach- 
erous a material as Chat Moss, which was declared to be an 
immense mass of pulp, and nothing else. “It actually,” 
said Mr. Harrison, “rises in height, from the rain swelling 
it like a sponge, and sinks again in dry weather; and ifa 
boring instrument is put into it, it sinks immediately by 
its own weight. The making of an embankment ont of 
this pulpy, wet moss, is no very easy task. Who but Mr. 
Stephenson would have thought of enteying into Chat Moss, 
carrying it out almost like wet dung? It is ignorance 
almost inconceivable. It is perfect madness, in a person 
called upon to speak on a scientific subject, to propose such 
aplan...... Every part of this scheme shows that. this 
man has applied himself to a subject of which he has no 
knowledge, and to which he has no science to apply.” Then 
adverting to the proposal to work the intended line by 
means of locomotives, the learned gentleman proceeded : 
‘“ When we set out with the original prospectus, we were 
to gallop, I know not, at what rate; 1 believe it was at the 
rate of 12 miles an hour. My learned friend, Mr. Adam, 
contemplated—possibly alluding to Ireland—that some of 
the Irish members would arrive in the waggons to a divi- 
sion. My learned friend says that they would go at tho 
rate of 12 miles an hour with the aid of the devil in the 
form of a locomotive, sitting as postilion on the fore horse, 
and an honourable member sitting behind him to stir up 
the fire, and keep it at full speed. But the speed at which 
these locomotive engines are to go has slackened : Mr. Adam 
does not go faster now than 5 miles an hour. The learned 


serjeant (Spankic) says he should like to have 7, but he 
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would be content to go 6. JI will show he cannot go 6; 
and probably, fur any practical purposes, I may be able to 
show that I can keep up with him by the canal... ... Luoco 
motive engines are liable to be operated upon by the wea- 
ther. You are told they are affected by rain, and an attempt 
has been made to cover them; but the wind will affect 
them; and any gale of wind which would affect the traffic 
on the Mersey would render it impossible to set off a loco- 
motive engine, either by poking of the fire, or keeping up 
the pressure of the steam till the boiler was ready to burst.” 
How amusing it now is to read theee extraordinary views 
as to the formation of a railway over Chat Moss, and the 
impossibility of starting a locomotive engine in the face of 
a gale of wind ! 

Evidence was called to show that the house property 
passed by the proposed railway would be greatly deterio- 
rated—in some placcs almost destroyed ; that the locomo- 
tive engines would be terrible nuisances, in consequence of 
the fire and smoke vomited forth by them; and that the 
value of land in the neighbourhood of Manchester alone 
would be deteriorated by no less than 20,0001.! Evidence 
was also given at great length showing the utter impos- 
sibility of forming a road of any kind upon Chat Moss. A 
Manchester builder, who was examined, could not imagine 
the feat possible, unless by arching it across in the manncr 
of a viaduct from one side to the other. It was the old 
story of “nothing like leather.” But the opposition mainly 
relied upon the evidence of the leading engineers—not, 
like Stephenson, self-taught men, but regular profes- 
sionals. One of these, Mr. Francis Giles, C.E., had been 
twenty-two years an engineer, and could speak with some 
authority. lis testimony was mainly directed to the utter 
impossibility of forming a railway over Chat Moss. “ No 
engineer in his senses ,” said he, “ would go through Chat 
Moss if he wanted to make a railroad from Liverpool to 
Manchester....... In my judgment a railroad certainly 
cannot be safely made over Chat Moss without going to the bottom 
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of the Moss. The soil ought all to be taken out, undoubt- 
edly ; in doing whith, it will not be practicable to appr oach 
each end of the cutting, as you make it, with the carriages. 
No carriages would stand upon the Moss short of ‘the 
bottom. My estimate for the whole cutting and cmbank- 
ment over Chat Moss is 270,0001. nearly, at those quantities 
and those prices which are decidedly correct......... 
It will bo necessary to take this Moss completely out at the 
bottom, in order to make a solid road.” 

When the engineers had given their evidence, Mr. 
Alderson summed up in a speech which extended over two 
days. He declared Mr. Stephenson’s plan to be “the most 
absurd scheme that ever entered into the head of man to 
conccive. My learned friends,” said he, “almost endea- 
voured to stop my examination; they wished me to put in 
the plan, but I had rather have the exhibition of Mr. Ste- 
phenson in that box. I say he never had a plan—lI believe 
he never had one—I do not believe he is capable of making 
one. His is a mind perpetually fluctuating between oppo- 
site difficulties: he neither knows whether he is to make 
bridges over roads or rivers, of one size or of another; or 
to make embankments, or cuttings, or inclined planes, or in 
what way the thing is to be carried into effect. Whenever 
a difficulty is pressed, as in the case of a tunnel, he gets out 
of it at one end, and when you try to catch him at that, he 
gets out at the other.” Mr. Alderson proceeded to declaim 
against the gross ignorance of this so-called enginecr, who 
proposed to make “impossible ditches by the side of an 
impossible railway” upon Chat Moss; “I care not,” he 
said, “ whether Mr. Giles is right or wrong in his estimate, 
for whether it be effected by means of picrs raised up all 
the way for four miles through Chat Moss, whether they 
are to support 1t on beams of wood or by erecting masonry, 
vr whether Mr. Giles shall put a solid bank of earth 
through it,—in all these schemes there is not one found 
like that of Mr. Stephenson's, namely, to cut impossible 
drains on the side of this road; and it is sufficient for me 
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to suggest and to show, that this scheme of Mr. Stephenson’s 
is Impossible or unpracticable, and that no other scheme, if 
they proceed upon this line, can be suggested which will 
not produce enormous expense. I think that has been 
irrefragably made out. Every one knows Chat Moss—every 
one knows that the iron sinks immediately on its being 
put upon the surface. I have heard of culverts, which 
have been put upon the Moss, which, after having been 
surveyed the day before, have the next morning disap- 
peared ; and that a house (a poct’s house, who may be 
supposed in thé habit of building castles even in the 
air), story after story, as fast as one is added, the lower one 
sinks! There is nothing, it appears, except long sedgy 
crass, and a ttle soil to prevent its sinking into the shades 
of eternal night. I have now done, sir, with Chat Moss, 
and there I leave this railroad.” 

The case of the principal petitioners against the bill 
occupied many more days, and on its conclusion the 
committee proceeded to divide on the preamble, which 
was carried by a majority of only one—37 voting for it, 
and 36 against it. The clauses were next considered, 
and on a division the first clause, empowering the Company 
to make the railway, was lost by a majority of 19 to 13. In 
like manner, the next clause, empowering the Company to 
take land, was lost; on which the bill was withdrawn. 

Thus ended this memorable contest, which had extended 
over two months—carried on throughout with great perti- 
nacity and skill, especially on the part of the opposition, 
who left no stone unturned to defeat the measure. The 
want of a third line of communication between Liverpool 
and Manchester had been clearly proved; but the engineer- 
ing evidence in support of the proposed railway having 
been thrown almost entirely upon Stephenson, who fought 
this, the most important part of the battle, single-handed, 
was not brought out so clearly as it would have been, had 
he secured more efficient engineering assistancc—which he 
was not able to do, as the principal engineers of that day 
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were against the locomotive railway. The obstacles 
thrown in the way of the survey by the landowners and 
canal companies, by which the plans were rendered exceed- 
ingly imperfect, also tended in a great measure to defea 
the bill. | 

The rejection of the bill was probably the most severe 

trial George Stephenson underwent in the whole course of 
his life. ‘lhe circumstances connected with the defeat of 
the measure, the errors in the levels, his rigid cross- 
examination, followed by the fact of his being superseded 
by another engineer, all told fearfully ujson him, and for 
some time he was as much weighed down as if a personal 
calamity of the most serious kind had befallen him. 
_ Stephenson had been so terribly abused by the leading 
counsel for the opposition in the course of the proceedings 
before the Committee—stigmatised by them as an ignoramus, 
a fool, and a maniac—that even his friends seem for a 
time to have lost faith in him and in the locomotive sys- 
tem, whose efficiency he nevertheless continued to uphold. 
Things never looked blacker for the success of the railway 
system than at the close of this great parliamentary 
struggle. And yet it was on the very evo of its triumph. 

The Committee of Directors appointed to watch the 
measure in Parliament were so determined to press on the 
project of a railway, even though it should have to be 
worked merely by horse-power, that tho bill had scarcely 
been thrown out ere they met in London to consider their 
next step. They called their parhamentary friends together 
to consult as to future proceedings; and the result was that 
they went back to Liverpool determined to renew their 
application to Parliament in the ensuing session. 

It was not considered desirable to employ Mr. Stephenson 
in making the new survey. He had not as yet established 
his reputation as an engineer beyond the boundaries of his 
own district; and the promoters of the bill had doubtless 
felt the disadvantages of this in the course of their parlia- 
mentary struggle. Toy therefore resolved now to employ 
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engineers of the highest established reputation, as well as 
the best surveyors that could be obtained. In accordance 
with these views thev engaged Messrs. George and John 
Rennie to bo the engineers of the railway; and Mr. 
Charles Vignolles was appointed to prepare the plans and 
sections. ‘I'he linc which was eventually adopted differed 
somewhat from that surveyed by Mr. Stephenson. The 
principal parks and game-preserves of the district were 
carefully avoided. The promoters thus hoped to get rid of 
the opposition of the most influential of the resident land- 
owners. The cfossing of certain of the streets of Liverpool 
was also avoided, and the entrance contrived by means of a 
tunnel and an inclined plane. The new line stopped short 
of the river Irwell at the Manchester end, by which the 
objections grounded on an illegal interruption to the canal 
or river traffic were in some measure removed. The oppo- 
sition of the Duke of Bridgewatcr’s trustees was also got rid 
of, and the Marquis of Stafford became a subscriber for a 
thousand shares. With reference to the use of the locomo- 
tive engine, the promoters, remembering with what effect 
the objections to it had been urged by the opponents of the 
bill, intimated, in their second prospectus, that “as a gua- 
rantee of their good faith towards the public they will not re- 
quire any clause empowering them to use it ; or they will sub- 
mit to such restrictions in the employment of it as Parliament 
may impose.” 

The survey of the new line having been completed, the 
plans were deposited, the standing orders duly complied 
with, and the bill went before Parliament. The same 
counsel appeared for the promoters, but the examination of 
witnesses was not nearly so protracted as on the previous 
occasion. The preamble was declared proved by a majority 
of 43 to 18. On the third reading in the House of Com- 
mons, an animated, and what now appears a very amusing 
discussion took place. The Hon. Edward Stanley moved 
that the bill be read that day six months; and in his speech 
he undertook to prove that the railway trains would take 
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ten hours on the journey, and that they could only be worked 
by horses. Sir Isaac Coffin seconded the motion, and in 
doing so denounced the project as a most flagrant imposi- 
tion, He would not consent to sce widows’ premiscs 
invaded; and “ What, he would like to know, was to be 
done with all those who had advanced money in making 
and repairing turnpike-roads? What was to become of 
coach-makers and harness-makers, coach-masters and coach- 
mnen, inn-keepers, horse-breeders, and horse-dealers? Was 
the house aware of the smoke and the noise, the hiss and 
the whirl, which locomotive engines, passing at the rate of 
10 or 12 miles an hour, would occasion? Neither the cattle 
ploughing in the fields or grazing in the meadows could be- 
hold them without dismay. Tron would be raised in price 
100 per cent., or more probably exhausted altogether! It 
would be the greatest. nuisance, the most complete disturb- 
ance of quict and comfort in all parts of the kingdom, that 
the ingenuity of man could invent!” 

Mr. Huskisson and other speakers, though unable to reply 
to such arguments as these, strongly supported the bill; and 
it was carried on the third reading by a majority of 88 to 
41. The bill passed the House of Lords almost unani- 
mously, its only opponents being the Earl of Derby and 
his relative the Earl of Wilton. 
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CHAPTER X. 


Caat Moss — Construction oF THE RAILWAY. 


THE appointment of principal engineer to the railway was 
taken into consideration at the first meeting of the directors 
held at Liverpool subsequent to the passing of the Act. The 
magnitude of the proposed works, and the vast consequences 
involved in their experiment, were deeply impressed upon 
their minds; and they resolved to secure the services of a 
resident engineer of proved expérience and ability. Their 
attention was naturally directed to Mr. Stephenson; at the 
same time they desired to have the benefit of the Messrs. 
Rennie’s professional assistance in superintending the 
works. Mr. George Rennie had an interview with the 
Board on the subject, at which he proposed to undertake 
the chief superintendence, making six visits in each year, 
and stipulating that he should have the appointment of the 
resident engineer. But the responsibility attaching to the 
direction in the matter of the efficient carrying on of the 
works, would not admit of their being influenced by 
ordinary punctilios on the occasion ; and they accordingly 
declined this proposal, and proceeded to appoint Mr. 
Stephenson their principal engineer at a salary of 1000/ 
per annum. 

He at once removed his residence to Liverpool, and made 
arrangements to commence the works. He began with the 
“impossible thing ”—to do that which the most distin- 
guished engineers of the day had declared that “no man in 
his senses would undertake to do”—namely, to make the 
road over Chat Moss! It was indeed a most formidable 
undertaking ; and the project of carrying a railway along, 
under, or over such a material as that of which it consisted, 
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would certainly never have occurred to an ordinary mind. 
Michael Drayton supposed the Moss to have had its origin 
at the Deluge. Nothing more impassable could have been 
imagined than that dreary waste ; and Mr. Giles only spoke 
the popular feeling of the day when he declared that no 
carriage could stand on it “short of the bottom.” In this 
bog, singular to say, Mr. Roscoe, the accomplished historian 
of the Medicis, buried his fortune in the hopeless attempt 
io cultivate a portion of it which he had bought. 

Chat Moss is an immense peat bog of about twelve square 
miles in extent. Unlike the bogs or swanips of Cambridge 
and Lincolnshire, which consist principally of soft mud or 
silt, this bog is a vast mass of spongy vegetable pulp, the 
result of the growth and decay of ages. The spagni, or 
bog-mosses, cover the entire arca; one year’s growth rising 
over another,—the older growths not entirely decaying, but 
remaining partially preserved by the antiseptic properties 
peculiar to peat. Hence the remarkable fact that, although 
a semifluid mass, the surface of Chat Moss riscs above the 
level of the surrounding country. Like a turtle’s back, it 
declines from the summit in every direction, having from 
thirty to forty feet gradual slope to the solid land on all 
sides. From the remains of trees, chiefly alder and birch, 
which have been dug out of it, and which must have pre- 
viously flourished upon the surface of soil now deeply sub- 
merged, it 1s probable that the sand and clay base on which 
the bog rests is sauccr-shaped, and so retains the entire mass 
in position. In rainy weather, such is its capacity for 
water that it sensibly swells, and rises in those parts where 
the moss is the deepest. This occurs through the capillary 
attraction of the fibres of the submerged moss, which is 
from 20 to 80 feet in depth, whilst the growing planta 
effectually check evaporation from the surface. This pecu- 
liar character of the Moss has presented an insuperable 
difficulty in the way of reclaiming it by any system of ex- 
tensive drainage—such as by sinking shafts, and pumping 
up the water by steam power, as has been proposed. Sup- 
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posing a shaft of 30 feet deep to be sunk, it has been calcu- 
lated that this would only be effectual for draining .a circle 
of about 100 yards, the water running down an incline of 
about 5 to 1; for it was found in the course of draining the 
bog, that a ditch 3 fect deep only served to drain a space of 
less than 5 yards on each side, and two ditches of this depth, 
10 yards apart, left a portion of the Moss between them 
scarcely affected by the drains. 

The three resident engineers selected by Mr. Stephenson 
to superintend the construction of the line, were Joseph 
Locke, Wilham*Alcard, and John Dixon. The last was 
appointed to that portion which lay across the Moss, neither 
of the other two envying his lot. On Mr. Dixon’s arrival, 
about July, 1426, Mr. Locke proceeded to show him over 
the length ne was to take charge of, and to instal him in 
office. When they reached Chat Moss, Mr. Dixon found 
that the line had already been staked out and the levels 
taken in detail by the aid of planks laid upon the bog. 
The cutting of the drains along each side of the proposed 
road had also been commenced ; but the soft pulpy stuff had 
up to this time flowed into the drains and filled them up 
as fast as they were cut. Proceeding across the Moss, on 
the first day’s inspection, the new resident, when about 
halfway over, slipped off the plank on which he walked, 
and sank to his knees in the bog. Struggling only sent 
him the deeper, and he might have disappeared altogether, 
but for the workmen, who hastened to his assistance upon 
planks, and rescued him from his perilous position. Much 
disheartened, he desired to return, and even thought of 
giving up the job; but Mr. Locke assured him that the 
worst part was now past; so the now resident plucked up 
heart again, and both floundered on until they reached tho 
further edge of the Moss, wet and plastered over with bog- 
sludge. Mr, Dixon’s companions endeavoured to comfort 
him by the assurance that ho might avoid similar perils, by 
walking upon “ pattens,” or boards fastened to the soles of 


his feet, as they had done when taking the levels, and as 
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the workmen did when engaged in making drains in the 
softest parts of the Moss. The resident engineer was sorely 
puzzled in the outset by the problem of constructing a road 
for heavy locomotives, with trains of passengers and -goods, 
upon a bog which he had found incapable of supporting his 
own weight! 

Mr. Stephenson’s idea was, that such a road might be 
made to float upon the bog, simply by mcans of a sufticient 
extension of the bearing surface. As a ship, or a raft, ca- 
pable of sustaining heavy loads floated in water, so in his 
opinion, might a light road be floated upon ‘a bog, which waa 
of considerably greater consistency than ‘water. Long 
before the railway was thought of, Mr. Roscoe had adopted 
the remarkable expedient of fitting his plough-horses with 
flat wooden soles or pattens, to enable them to walk upon 
the Moss Jand which he had brought into cultivation. 
These pattens were fitted on by means of a screw apparatus, 
which met in front of the foot and was casily fastened. ‘The 
mode by which these pattens served to sustain the horse is 
capable of easy explanation, and it will be observed that 
the rationale likewise explains the floating of a railway train. 
The foot of an ordinary farm-horse presents a base of about 
five inches diameter, but if this base be enlarged to seven 
inches—the circles being to cach other as the squares of the 
diameters—it will be found that, by this shght enlargement 
of the base, a circle of nearly double the area has been se- 
cured; and consequently the pressure of the foot upon 
every unit of ground upon which the horse stands has been 
reduced one half. In fact, this contrivance has an effect 
tantamount to setting the horse upon eight feet instead of 
four. 

Apply the same reasoning to the ponderous locomotive, and 
it will be found, that even such a machine may be made to 
stand upon a bog, by means of a similar extension of the 
bearing surface. Suppose the engine to be 20 feet long and 
5 feet wide, thus covering a surface of 100 square fect, 
and, provided the bearing has been extended by means of 
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cross sleepers supported on a matting of heath and branches 
of trees covered with a few inches of gravel, the pressure cf 
an engine of 20 tons will be only equal to about 3 pounds 
per inch over the whole surface on which it stands. Such 
was George Stephenson’s idea in contriving his floating 
road—something like an elongated raft across the Moss; 
and we shall see that he steadily kept it in view in carry- 
ing the work into execution. 

The first thing done was to form a footpath of ling or 
heather along the proposed road, on which a man might 
walk without risk of sinking. A single line of temporary 
railway was then laid down, formed of ordinary cross-bars 
about 3 feet long and an inch square, with holes punched 
through them at the ends and nailed down to temporary 
sleepers. Along this way ran the waggons in which were 
conveyed the materials requisite to form the permanent 
road. These waggons carried about a ton each, and they 
were propelled by boys running behind them along the 
narrow iron rails. The boys became so expert that they 
would run the 4 miles across at the rate of 7 or 8 miles an 
hour without missing a step; if they had done so, they 
would have sunk in many places up to their middle. A 
comparatively slight extension of the bearing surface being 
found sufficient to enable the bog to bear this temporary 
line, the circumstance was a source of increased confidence 
and hope to our engincer in proceeding with the furmation 
of the permanent roadway alongside. 

The digging of drains had been proceeding for some time 
along each side of the intended line; but they filled up 
almost as soon as dug, the sides flowing in, and tho bottom 
rising up. It was only in some of the drier parts of the 
bog that a depth of three or four feet could be reached. 
The surface-ground between the drains, containing the 
intertwined roots of heather and long grass, was left un- 
touched, and upon this was spread branches of trees and 
hedge-cuttings. In the softest places, rude gates or hurdles, 
some & or 9 feet long by 4 feet wide, interwoven with 
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heather, were laid in double thicknesses, their ends over- 
lapping each other; and upon this floating bed was spread 
a thin layer of gravel, on which the slecpors, chairs, and 
rails were laid in the usual manner. Such was the mode 
in which the road was formed upon the Moss. 

It was found, however, after the permanent way had 
been thus laid, that there was a tendency to sinking at 
those parts where the bog was softest. In ordinary cases, 
where a bank subsides, the sleepers are packed up with 
ballast or gravel; but in this case the ballast was dug 
away and removed in order to lighten the road, and the 
sleepers were packed instead with cakes of dry turf or bundles 
ofheath. By these expedicnts the subsided parts were again 
floated up to the level, and an approach was made towards 
a satisfactory road. But the most formidable difficulties 
were encountered at the centre and towards the edges of 
the Moss; and it required no small degree of ingenuity and 
perseverance on the part of the engineer successfully to 
overcome them. 

The Moss, as already observed, was highest in the 
centre, and it there presented a sort of hunchback with a 
rising and falling gradient. At that point it was found 
necessary to cut deeper drains in order to consolidate the 
ground between them on which the road was to be formed. 
But, as at other places, the deeper the cutting the more 
rapid was the flow of fluid bog into the drain, the bottom 
rising up almost as fast as it was removed. ‘T’o meet this 
emergency, numbers of empty tar-barrels were brought 
from Liverpool; and as soon as a few yards of drain were 
dug, the barrels were laid down end to end, firmly fixed to 
each other by strong slabs laid over the joints, and nailed. 
They were then covered over with clay, and thus formed an 
underground sewer of wood instead of bricks. This expe- 
dient was found to answer the purpose intended, and the 
road across the centre of the Moss having been so pre- 
pared, it was then laid with the permanent materials. 

The greatest difficulty was, however, experienced in form- 
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ing an embankment upon the edge of the bog at the Man- 
chester end. Moss as dry as it could be cut, was brought up 
in small waggons, by men and boys, and emptied so as to 
form an embankment ; but the bank had scarcely been raised 
three or four feet in height, when the stuff broke through 
the heathery surface of the bog and sank out of sight. 
More moss was brought up and emptied with no better 
result ; and for weeks the fillmg was continued without arly 
visible embankment having been made. It was the duty 
of the resident engineer to proceed to Liverpool every fort- 
night to obtain the wages for the workmen employed under 
him ; and on these occasions he was required to colour up, 
on a section drawn to a working scale suspended against 
the wall of the directors’ room, the amount of excavation 
and embankment from time to time executed. But on 
many of these occasions, Mr. Dixon had no progress what- 
ever to show for the money expended on the Chat Moss 
embankment. Sometimes, indeed, the visible work done 
was less than it had appeared a fortnight or a month before! 

The directors now became seriously alarmed, and feared 
that the evil prognostications of the eminent engineers were 
about to be fulfilled. The resident engineer was even called 
upon to supply an estimate of the cost of forming an em- 
bankment of solid stuff throughout, as also of the cost. of 
piling the roadway, and in effect constructing a four mile 
viaduct of timber across the Moss, from twenty to thirty 
feet high from the foundation. The expense appalled the 
directors, and the question arose, whether the work was to 
be proceeded with or abandoned ! 

Mr. Stephenson afterwards described the alarming posi- 
tion of affairs at a public dinner at Birmingham (23rd 
December, 1837), on the occasion of a piece of plate being 
‘presented to his son, upon the completion of the London 
and Birmingham Railway. He related the anecdote, he 
said, for the purpose of impressing upon the minds of those 
who heard him the necessity of perseverance. 

“ After working for weeks and weeks,” said he, “ in filling 
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in materials to form the road, there did not yet appear to 
be the least sign of our being able to raise the solid em- 
bankment one single inch; in short we went on filling in 
without the slightest apparent effect. Even my assistants 
began to feel uneasy, and to doubt of the success of the 
scheme. ‘T'he directors, too, spoke of it as a hopeless task: 
and at length they became seriously alarmed, so much so, 
indeed, that a board meeting was held on Chat Moss to 
decide whether I should proceed any further. They had 
previously taken the opinion of other ergincers, who re- 
ported unfavourably. There was no help for it, however, 
but to go on. An immense outlay had been incurred ; and 
great loss would have been occasioned had the scheme been 
then abandoned, and the line taken by another route. So 
the directors were compelled to allow me to go on with my 
plans, of the ultimate success of which I myself never for 
one moment doubted.” 

During the progress of this part of the works, the 
Worsley and Trafford men, who lived near the Moss, and 
plumed themselves upon thei practical knowledge of bog- 
work, declared the completion of the road to be utterly 
impracticable. “If you knew as much about Chat Moss as 
we do,” they said, “ you would never have entered on so 
rash an undertaking; and depend upon it, all you have 
done and are doing will prove abortive. You must give up 
the idea of a floating railway, and either fill the Moss hard 
from the bottom, or deviate so as to avoid it altogether.” 
Such were the conclusions of science and experience. 

In the midst of all these alarms and prophecies of failure, 
Stephenson never lost heart, but held to his purpose. Mis 
motto was “Persevere!” “You must go on filling in,” 
he said; “there is no other help for it. ‘The stuff emptied 
in is doing its work out of sight, and if you will but have’ 
patience, it will soon begin to show.” And so the filling in 
went on; several hundreds of nen and boys were employed 
to skin the Moss all round for many thousand yards, by 
means of sharp spades, called by the turf cutters “ tommy- 
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spades ;” and the dried cakes of turf were afterwaids used 
to form the embankment, until at length as the stuff sank 
and rested upon the bottom, the bank gradually rose above 
the surface, and slowly advanced onwards, declining in 
height and consequently in weight, until it became joined 
to the floating road already laid upon the Moss. In the 
course of forming the embankment, the pressure of the bog 
turf tipped out of the waggons caused a copious stream of 
bog-water to flow from the end of it, in colour resembling 
Larclay’s double stout; and when completed, the bank 
looked like a long ridge of tightly pressed tobacco-leaf. 
The compression of the turf may’ be imagined from the 
fact that 670,000 cubic yards of raw moss formed only 
277,000 cubic yards of embankment at the completion of 
the work. 

At the western, or Liverpool end of the Chat Moss, there 
was a like embankment; but, as the ground there was solid, 
little difficulty was experienced in forming it, beyond the 
loss of substance caused by the oozing out of the water held 
by the moss-earth. 

At another part of the Liverpool and Manchester hne, 
Tarr Moss was crossed by an embankment about 14 mile 
in extent. In the immediate neighbourhood was found a 
large excess of cutting, which it would have been necessary 
to “put out in spoil-banks” (according to ,the technical 
phrase) ; but the surplus clay, stone, and shale, were tipped, 
waggon after waggon, into Parr Moss, until a solid but 
conccaled embankment, from fifteen to twenty-five feet high, 
was formed, although to the eye it appears to be laid upon 
the level of the adjoining surface, as at Chat Moss. 

The road across Chat Moss was finished by the 1st Janu- 
ary, 1830, when the first experimental train of passengers 
passed over it, drawn by the “ Rocket; ” and it turned out 
that, instead of being the most expensive part of the line, it 
was about the cheapest. The total cost of forming the line 
over the Moss was 28,0001, whereas Mr. Giles’s estimate 
was 270,0001.! It also proved to be one of the best portions 
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of the railway. Being a floating road, it was smooth and 
easy to run upon, just as Dr. Arnott’s water-bed is soft and 
easy to lie upon—the pressure being equal at all points. 
There was, and still is, a sort of springiness in the road 
over the Moss, such as is felt in passing along a suspended 
bridge; and those who looked along the line as a train 
passed. over it, said they could observe a waviness, such as 
precedes and follows a skater upon ice. 

During the progress of these works the most ridiculous 
rumours were set afloat. ‘The drivers of the stage-coaches 
who feared for their calling, brought the alarming intel- 
livence into Manchester from time to time, that “Chat Moss 
was blown up!” “ Hundreds of men and horses had sunk ; 
and the works were completely abandoned!” The engi- 
neer himself was declared to have been swallowed up in the 
Serbonian bog; and “railways were at an end for ever!” 

In the construction of the railway, Mr. Stephenson’s 
capacity for organising and directing the labours of a large 
number of workmen of all kinds eminently displayed itself. 
A vast quantity of ballast-waggons had to be constructed, 
and implements and materials collected, before the army of 
necessary labourers could be efficiently employed at the 
various points of the lne. There were not at that time, 
as there are now, large contractors possessed of railway 
plant, capable of executing earth-works on a large scale. 
The first railway engineer had not only to contrive the 
plant, but to organise and direct the labour. The labourers 
themselves had to be trained to their work; and it was on 
the Liverpool and Manchester line that Mr. Stephenson 
organised the staff of that mighty band of railway navvies, 
whose handiworks will be the wonder and admiration of 
succeeding generations. Looking at their gigantic traces, 
the men of some future age may be found to declare of the 
engineer and of his workmen, that “there were giants in 
those days.” 

Although the works of the Liverpool and Manchester 
Railway are of a much less formidable character than those 
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of many lines that havo since been constructed, they were 
then regarded as of the most stupendous description. In 
deed, the like of them had not before been executed in 
England. It had been our engineer’s original intention te 
carry the railway from the north end of Liverpool, round 
the red-saudstone ridge on which the upper part of the 
town is built, and also round the higher rise of the coal 
formation at Rainhill, by following the natural levels. But 
the opposition of the landowners having forced the line 
more to the south, it was rendered necessary to cut through 
the hills, and gd over the high grounds instead of round 
them. ‘The first consequence of this alteration in the plans 
was the necessity for constructing a tunncl under the town 
of Liverpool 14 mile in length; tle second, a long and 
dcep cutting through the red-sandstone rock at Olive 
Mount; and the third and most serious of all, was the neces- 
sity for surmounting the Whiston and Sutton hills by in- 
clined planes of 1 in 96. ‘The line was also, by the same 
forced deviation, prevented passing through the Lancashire 
coal-field, and the engineer was compelled to carry it across 
the Sankey valley, at a point where the waters of the brook 
had dug out an excessively deep channel through the marl- 
beds of the district. 

The principal difficulty was cxperienced in pushing on 
the works connected with the formation of the tunnel under 
Liverpool, 2200 yards in length. The blasting and hewing 
of the rock were vigorously carried on night and day; and 
the engineer’s practical experience in the collieries here 
proved of great use to him. Many obstacles had to be 
encountered and overcome in the formation of the tunnel, 
the rock varying in hardness and texture at different parts. 
In some places the miners were deluged by water, which 
surged from the soft blue shale found at the lowest level of 
the tunnel. In other places, beds of wet sand were cut 
through; and there careful propping and pmning were 
necessary to prevent the roof from tumbling: in, until the 
masonry to support it could be erected. On one occasion, 
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while the engineer was absent from Liverpool, a mass of 
loose moss-carth and sand fell from the roof, which had 
been insufficiently propped. The miners withdrew from 
the work; and on Stephenson's return, he found them in a 
refractory state, refusing to re-enter the tunnel. He in- 
duced them, however, by his example, to return to their 
labours; and when the roof had been secured, the work 
went on again as before. When there was danger, he was 





Olive Mount Cutting. 
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always ready to share it with the men; and gathering con- 
fidence from his fearlessness, they proceeded vigorously with 
the undertaking, boring and mining their way towards the 
hight. 

The Olive Mount cutting was the first extensive stone 
cutting executed on any railway, and to this day it is one 
of the most formidable. It is about two miles long, and in 
some parts 80 fect deep. It is a narrow ravine or defile cut 
out of the solid rock; and not less than 480,000 cubic yards 
of stone were removed from it. Mr. Vignolles, afterwards 
describing it, said it looked as if it had been dug out by 
giants. 

The crossing of so many roads and streams involved the 
necessity for constructing an unusual number of bridges. 
There were not fewer than 63, under or over the railway, 
on the 30 miles between Liverpool and Manchester. Up to 
this time, bridges had been applied generally to high roads 
where inclined approaches were of comparatively small 
importance, and in determining the rise of his arch the 
engineer selected any headway he thought proper. Every 
consideration was indeed made subsidiary to constructing 
the bridge itself, and the completion of one large structure 
of this sort was regarded as an epoch in engineering history. 
Yet here, in the course of a few years, no fewer than 63 
bridges were constructed on one line of railway! Mr. 
Stephenson carly found that the ordinary arch was inappli- 
cable in certain cascs, where the headway was limited, and 
yet the level of the railway must be preserved. In such 
cases he employed simple cast-iron beams, by which he 
safely bridged gaps of moderate width, economizing head- 
way, and introducing the use of a new material of the 
greatest possible value to the railway engineer. The 
bridges of masonry upon the line were of many kinds; 
several of them askew bridges, and others, such as those at 
Newton and over the Irwell at Manchester, straight and of 
considerable dimensions; but the principal picce of masonry 
was the Sankey viaduct. 
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Sankey Viaduct. 


This fine work is principally of brick, with stone facings. 
It consists of nine arches of fifty feet span cach. The 
massive piers are supported on two hundred piles driven 
deep into the soil; and they mse to a great height,—the 
coping of the parapet being seventy fect above the level of 
the valley, in which flow the Sankey brook and canal. Its 
total cost was about 45,0001. ; 

By the end of 1828 the directors found they had expended 
460,0001. on the works, and that they were still far from 
completion. They looked at the loss of interest on this 
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large investment, and began to grumble at the delay, 
They desired to see their capital becoming productive ; and 
in the spring of 1829 they urged the engineer to push on 
the works with increased vigour. Mr. Cropper, one of the 
directors, who took an active interest in their progress, said 
to Stephenson one day, “ Now, George, thou must get on 
with the railway, and have it finished without further 
delay ; thou must really have it ready for opening by the 
first day of January next.” “Consider the heavy character 
of the works, sir, and how much we have been delayed by 
the want of money, not to speak of the wetness of the 
weather: it 18 impossible.” “ Impossible!” rejoined Crop- 
per; “I wish I could get Napoleon to thee—ho would tell 
thee there is no. such word as ‘impossible’ in the vocabu- 
lary.” “Tush!” exclaimed Stephenson, with warmth ; 
“don't speak to me about Napolcon! Give me men. money, 
and materials, and I will do what Napoleon couldn’t do 
—drive a railway from Liverpool to Manchester over Chat 
Moss!” . 

The works made rapid progress in the course of the year 
1829. Double sets of labourers were employed on Chat 
Moss and at other points, by night and day, the night shifts 
working by torch and fire hght; and at length, the work 
advancing at all points, the directors saw their way to the 
satisfactory completion of the undertaking. 

It may well be supposed that Mr. Stephenson’s time was 
fully occupied in superintending the extensive, and for the 
most part novel works, connected with the railway, and 
that even his extraordinary powers of labour and endurance 
were tixed to the utmost during the four years that they 
were in progress. Almost every detail in the plans was 
directed and arranged by himself. Every bridge, from the 
simplest to the most complicated, including the then novel 
structure of the “skew bridge,” iron girders, siphons, fixed 
engines, and the machinery for working the tunnel at the 
Liverpool end, had to be thought out by his own head, and 
reduced to definite plans under his own eyes. Besides all 
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this, he had to design the working plant in anticipation of 
the opening of the railway. He must be prepared with 
waggons, trucks, and carriages, himself superintending their 
manufacture. The permanent road, turntables, switches, 
and crossings,—in short, the entire structure and machinery 
of the line, from the turning of the first sod to the running 
of the first train of carriages upon the railway,—were 
executed under his immediate supervision. And it was in 
the midst of this vast accumulation of work and responsi- 
bility that the battle of the locomotive eygine had to be 
fought,—a battle, not mercly against material difficulties, 
but against the still more trying obstructions of deeply- 
rooted mistrust and prejudice on the part of a considerable 
minority of the directors. 

He had no staff of experienced assistants,—not even a 
staff of draughtsmen in his office,—but only a few pupils 
learning their business; and he was frequently without 
even their help. ‘he time of his engineering inspectors 
was fully occupied in the actual superintendence of the 
works at different parts of the line: and he took care to 
direct all their more important operations m person. The 
principal draughtsman was Mr. Thomas Gooch, a ‘pupil he 
had brought with him from Newcastle. “I may say,” 
writes Mr. Gooch, “that neariy the whole of the working 
and other drawings, as well as the various land-plans for 
the railway, were drawn by my own hand. They were 
done at the Company’s office in Clavton Square during the 
day, from instructions supplicd in the evenings by Mr. 
Stephenson, either by word of mouth, or by little rough 
hand-sketches on letter-paper. The evenings were also 
generally devoted to my duties as secretary, in writing 
(mostly from his own dictation) his letters and reports, 
or in making calculations and cstimates. The mornings 
before breakfast were not unfrequently spent by me in 
visiting and lending a helping hand in the tunnel and 
other works near Liverpool,—the untiring zeal and perse- 
verance of George Stephenson never for an instant flagging. 
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and inspiring with a like enthusiasm all who were engaged 
under him in carrying forward the works.” * 

The usual routine of his life at this time—if routine it 
might be called—was, to rise early, by sunrise in summer 
and before it in winter, and thus “break the back of the 
day’s work” by mid-day. While the tunnel under Liver- 
pool was in progress, one of his first duties in a morning 
before breakfast was to go over the various shafts, clothed 
in a suitable dress, and inspect their progress at different 
points ; on other,days he would visit the extensive workshops 
at Edgehill, where most of the “plant” for the line was in 
course of manufacture. Then, returning to his house, in 
Upper Parliament Street, Windsor, after a hurried break- 
fast, he would ride along the works to inspect their pro- 
gress, and push them on with greater energy where needful. 
On other days he would prepare for the much less congenial 
engagement of meeting the Board, which was often a cause 
of great anxiety and pain to him; for it was difficult to 
satisfy men of all tempers, and some of these not of the 
most generous sort. On such occasions he might be seen 
with his right-hand thumb thrust through the topmost 
button-hole of bis coat-breast, vehemently hitching his right 
shoulder, as was his habit when labouring under any con- 
siderable excitement. Occasionally he would take an early 
ride before breakfast, to inspect the progress of the Sankey 
viaduct. He had a favourite horse, brought by him from 
Newcastle, called “ Bobby,”’—so tractable that, with his 


* Mr. Gooch’s letter to the 
author, December 13th, 1861. 
Referring to the preparations of 
the plans and drawings, Mr. Gooch 
adds, “ When we consider the ex- 
tensive sets of drawings which 
most engineers have since found 
it right to adopt in carrying out 
similar works, it is not the least 
surprising feature in George Ste- 
phenson's early professional carcer, 


that he should have been able to 
contine himself to so limited a 
number as that which could be 
supplied by the hands of one per- 
gon in carrying out the construc- 
tion of the Liverpool and Man. 
chester Railway; and this may 
still be said, after full allowance is 
made for the alteration of system 
involved by the adoption of the 
large contract system.” 
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rider on his back, he would walk up to a locomotive with 
the steam blowing off, and put his nose against it without 
shying. “Bobby,” saddled and bridled, was brought to 
Mr. Stephenson’s door betimes in the morning; and mount- 
ing him, he would ride the fifteen miles to Sankey, putting 
up at a little public house which then stood upon the banks 
of the canal. There he had his breakfast of “ crowdie,” 
which he made with his own hands. It consisted of oat- 
meal stirred into a basin of hot water,—a sort of porridge, 
—which was supped with cold sweet milk. After this 
frugal breakfast, he would go upon the works, and remain 
there, riding from point to point for the greater part of the 
day. When he returned befure mid-day, he examined the 
pay-sheets in the different departments, sent in by the 
assistant engineers, or by the foremen of the workshops. 
To all these he gave his most careful personal attention, 
requiring when necessary a full explanation of the items. 

After a late dinner, which oceupied very short time and 
was always of a plain and frugal description, he disposed 
of his correspondence, or prepared sketches of drawings, 
and gave instructions as to their completion. He would 
occasionally refresh himself fur this evening work by a 
short doze, which, however, he would never admit had ex- 
ceeded the limits of “winking,” to use his own term. Mr. 
Frederick Swanwick, who officiated as his secretary, after 
the appointment of Mr. Gooch as Resident Engineer to the 
Bolton and Leigh Railway, has informed us that he then 
remarked—what in after years he could better appreciate 
—the clear, terse, and vigorous style of Mr. Stephenson’s 
dictation. There was nothing superfluous in it; but it was 
close, direct, and to the point,—in short, thoroughly business- 
like. And if,in passing through the pen of the amanuensis, 
his meaning happened in any way to be distorted or modified, 
it did not fail to escape his detection, though he was always 
tolerant of any liberties taken with his own form of expres- 
sion, so long as the words written down conveyed his real 
meaning. | 
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His letters and reports written, and his sketches of 
drawings made and explained, the remainder of the evening 
was usually devoted to conversation with his wife and those 
of his pupils who lived under his roof, and constituted, as 
it were, part of the family. He then delighted to test the 
knowledge of his young companions, and to question them 
upon the principles of mechanics. If they were not quite 
“up to the mark” on any point, there was no escaping 
detection by evasive or specious explanations. These always 
brought out the verdict, “Ah! you know nought about it 
now; but think it over again, and tell me when you under- 
stand it.” If there were even partial success in the reply, 
it was at once acknowledged, and a full explanation given, 
to which the master would add illustrative examples for the 
purpose of impressing the principle more deeply upon the 
pupil’s mind. 

It was not so much his object and purpose to “cram” the 
minds of the young men committed to his charge with the 
results of knowledge, as to stimulate them to educate them- 
selves —to induce them to develope their mental and moral 
powers by the exercise of their own free energies, and thus 
acquire that habit of self-thinking and self-reliance which 
is the spring of all true manly action. In a word, he sought 
to bring out and invigorate the character of his pupils. He 
felt that he himself had been made stronger and better 
through his encounters with difficulty; and he would not 
have the road of knowledge made too smooth and easy for 
them. “Learn for yourselves,—think for yourselves,” he 
would say :—“ make yourselves masters of principles,—per- 
severe,—be industrious,—and there is then no fear of you.” 
And not the least emphatic proof of the soundness of this 
system of education, as conducted by Mr. Stephenson, was 
afforded by the after history of these pupils themselves. 
There was not one of those trained under his eye who did 
not rise toeminent usefulness and distinction as an engineer. 
He sent them forth into the world braced with the spirit of 
manly self-help—inspired by his own nobie example; and 
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they repeated in their after career the lessons of earnest 
effort and persistent industry which his daily life had 
taught them. 

Stephenson’s evenings at home were not, however, exclu- 
sively devoted either to business or to the graver exercises 
above referred to. He would often indulge in cheerful con- 
versation and anecdote, falling back from time to time upon 
the struggles and difficulties of his early life. The not 
unfrequent winding up of his story addressed to the young 
men about him, was, “Ah! ye young fellows don't know 
what wark is in these days!” Mr. Swanwiék takes pleasure 
in recalling to mind how seldom, if ever, a cross or captious 
word, or an angry look, marred the enjoyment of those 
evenings. The preserce of Mrs. Stephenson gave them an 
additional charm: amiable, kind-hearted, and intelligent, 
she shared quietly in the pleasure of the party; anc the 
atmosphere of comfort which always pervaded he home 
contributed in no small degree to render it a centre of 
cheerful, hopeful intercourse, and of earnest, honest in- 
dustry. She was a wife who well deserved, what she 
through life retained, the strong and unremitting affection 
of her husband. : 

When Mr. Stephenson retired for the night, 1. was not 
always that he permitted himself to sink into slumber. 
Like Brindley, he worked out many a difficult problem in 
bed; and for hours he would turn over in his mind and 
study how to overcome some obstacle, or to mature some 
project, on which his thoughts were bent. Some remark 
inadvertently dropped by him at the breakfast-table im the 
morning, served to show that ho had been stealing some 
hours from the past night in reflection and study. Yet he 
would rise at his accustomed early hour, and there was uo 
abatement of his usual energy in carrying on the business 


of the day. 
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CHAPTER XI. 


Rosert STerHENsSON’s ResiIpENCE IN CoLOMBIA, AND Return 
— Tne Barrie or tHE Locomotive — “THE Rocker.” 


Wer return to the career of Robert Stephenson, who had 
been absent frem England during the construction of the 
Liverpool railway, but was shortly about to join his father 
and take part in “the battle of the locomotive,’ which was 
now impending. ° 

On his return from Edinburgh College in the summer of 
1823, he had assisted in the survey of the Stockton and 
Darlington line; and when the Locomotive Engine Works 
were started in Forth Street, Newcastle, he took an active 
part in that concern. ‘The factory,” he says, ‘“ was in 
active operation early in 1824; I left England for Colombia 
in June of that year, having finished drawing the designs 
of the Brusselton stationary engines for the Stockton and 
Darlington Railway before I left.” * 

Speculation was very rife at the time; and amongst the 
most promising adventures were the companies organised 
for the purpose of working the gold and silver mines of 
South America. Great difficulty was experienced in finding 
mining engineers capable of carrying out those projects, 
and young men of even the most moderate experience were 
cagerly sought after. The Columbian Mining Associatiot. 
of London offered an engagement to young Stephenson, to 
go out to Mariquita and take charge of the engineering 
operations of that company. Robert was himself desirous of 
accepting it, but his father said it would first be necessary 
to ascertain whether the proposed change would be for his 


* Letter to tne author. 
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good. His health had been very delicate for some time, 
partly occasioned by his rapid growth, but principally 
because of his close application to work and study. Father 
and son together called upon Dr. Headlam, the eminent 
physician of Newcastle, to consult him on the subject. 
During the examination which ensued, Robert afterwards 
used to say that he felt as if he were upon trial for life or 
death. To his great relief, the doctor pronounced that a 
temporary residence in a warm climate was the very thing 
likely to be most beneficial to him. The avpointment was 
accordingly accepted, and, before many weeks had passed, 
Robert Stephenson sect sail for South America. 

After a tolerably prosperous voyage he landed at La 
Guayra, on the north coast of Venezuela, on the 23rd July, 
from thence proceeding to Caraccas, the capital of t’ » dis- 
trict, about 15 miles inland. There he remained tor two 
months, unable to proceed in consequence of the wretched 
state of the roads in the interior. He contrived, however, 
to make occasional excursions in the neighbourhood, with 
an eye to the mining business on which he had come. About 
the beginning of October he set out for Bogota, t .e capital 
of Columbia or New Granada. The distance was about 
1200 miles, through a very difficult region, and it was 
performed entirely upon mule-back after the fashion of the 
country. 

In the course of the journey Robert visited many of the 
districts reported to be rich in minerals, but he met with 
few traces except of copper, iron, and coal, with occasional 
indications of gold and silver. He found the people ready 
to furnish information, which, however, when tested, usually 
proved worthless. A guide, whom he employed for weeks, 
kept him buoyed up with the hope of richer mining quar- 
tors than he had yet seen; but when he professed to be 
able to show him mines of “ brass, stcel, alcohol, and pinch- 
beck,” Stephenson discovered him to bo an incorrigible 
rogue, and immediately dismissed him. At length our 
traveller reached Bugota, and after an interview with Mr. 
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Illingworth, the commercial manager of the mining Com- 
pany, he proceeded to Honda, crossed the Magdalena, and 
shortly after reached the site of his intended operations on 
the eastern slopes of the Andes. 

Mr. Stephenson used afterwards to speak in glowing 
terms of this his first mule-journey in South America. 
Iverything was entirely new to him. The variety and 
beauty of the indigenous plants, the luxurious tropical 
vegetation, the appearance, manners, and dress of the peo- 
ple, and the mode of travelling, were altogether different 
from everything he had before seen. His own travelling 
varb also must have been strange even to himself. “My 
hat,” he says, “was of plaited grass, with a crown nine 
inches in height, surrounded by a brim of six inches; a 
white cotton suit; and a ruana of blue and crimson plaid, 
with a hole in the centre for the head to pass through. 
This cloak is admirably adapted for the purpose, amply 
covering the rider and mule, and at night answering the 
purpose of a blanket in the net-hammock, which is made 
trom fibres of the aloe, and which every traveller carries 
before him on his mule, and suspends to the trees or in 
houses, as occasion may require.” The part of the journey 
which seems to have made the most lasting impression 
on his mind was that between LBogota and the mining 
district in the neighbourhood of Mariquita. As he ascended 
the slopes of the mountain-range, and reached the first step 
of the table-land, he was struck beyond expression with the 
noble view of the valley of the Magdalena behind him, so 
vast that he failed in attempting to define the point at 
which the course of the river blended with the horizon. 
Like all travellers in the district, he noted the remarkable 
changes of climate and vegetation, as he rose from the 
burning plains towards the fresh breath of the mountains. 
From an atmosphere as hot as that of an oven he paseed 
into delicious cool air; until, in his onward and upward 
journey, a still more temperate region was reached, the 
very perfection of climate. Before him rose the majestic 
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Cordilleras, forming a rampart against the western skies, at 
certain times of the day looking black, sharp, and, at their 
summit, almost as even as a wall. 

Our engincer took up his abode for a time at Mariquita, 
a fine old city, though then greatly decayed. During the 
period of the Spanish dominion, it was an important place, 
most of the gold and silver convoys passing through it on 
their way to Cartagena, there to be shipped in galleons for 
Europe. The mountainous country to the west was rich in 
silver, gold, and other metals, and it was Mr. Stephenson’s 
object to select the best site for commencing operations for 
the Company. With this object he “prospected” about. 
in all directions, visiting long-abandoned mines, and ana- 
lysing specimens obtained from many quarters. ‘The mines 
eventually fixed upon as the scene of his operatic .s were 
those of La Manta and Santa Anna, long before worked by 
the Spaniards, though, in consequence of the luxuriance and 
rapidity of the vegetation, all traces of the old workings 
had become completely overgrown and lost. Everything 
had to be begun anew. Koads had to be cut to the mines, 
machinery to be erected, and the ground ope ied up, in 
course of which some of the old adits were hit upon. The 
native peons or labourers were not accustomed to work, 
and at first they usually contrived to desert when they 
were not watched, so that very little progress could be 
made until the arrival of the expected band of miners from 
England. The authorities were by no means helpful, and 
the engineer was driven to an old expedient with the 
object of overcoming this difficulty. “We endeavour all 
we can,” he says, in one of his letters, “to make ourselves 
popular, and this we find most effectually accomplished by 
‘regaling the venal beasts.’”* He also gave a ball at Mari- 
quita, which passed off with éclat, the. governor from Honda, 
with a host of friends, honouring it with their presence. 
It was, indeed, necessary to “make a party” in this way, 
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as other schemers were already trying to undermine the 
Colombian company in influential directions. The engi- 
neer did not exaggerate when he said, “The uncertainty of 
transacting business in this country is perplexing beyond 
description.” 

At last, his party of miners arrived from England, but 
they gave him even more trouble than the peons had done. 
They were rough, drunken, and sometimes altogether un- 
governable. He set them to work at the Santa Anna mine 
without delay, and at the same time took up his abode 
amongst them?“to keep them,” he said, “if possible, from 
indulging in the detestable vice of drunkenness, which, if 
not put a stop to, will eventually destroy themselves, and 
involve the mining association in rum.” To add to his 
troubles, the captain of the miners displayed a very hostile 
and insubordinate spirit, quarrcelled and fought with the 
men, and was insolent to the engincer himself. The captain 
and his gang, being Cornish men, told Robert to his face, 
that because he was a North-country man, and not born in 
Cornwall it was impossible he should know anything of 
mining. Disease also fell upon him,—first fever, and then 
visceral derangement, followed by a return of his “old 
complaint, a feeling of oppression in the breast.” No 
wonder that in the midst of these troubles he should 
longingly speak of returning to his native land. But he 
stuck to his post and his duty, kept up his courage, and by 
a mixture of mildness and firmness, and the display of great 
coolness of judgment, he contrived to keep the men to 
their work, and gradually to carry forward the enterprise 
which he had undertaken. By the beginning of July, 1826, 
we find that quictness and order had been restored, and the 
works were proceeding more satisfactorily, though the yield 
of silver was not as yet very promising. Mr. Stephenson 
calculated that at least three years’ diligent and costly 
o} erations would be needed to render the mines productive. 

In the mean time he removed to the dwelling which had 
been erected for his accommodation at Santa Auna. It was 
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a structure speedily raised after the fashion of the country. 
The walls were of split and flattened bamboo, tied together 
with the long fibres of a dried climbing plant; the roof was 
of palm-leaves, and the ceiling of reeds. When an carth- 
quake shook the district—fur earthquakes were frequent— 
the inmates of such a fabric merely felt as if shaken in a 
basket, without sustaining any harm. In front of the 
cottaye lay a woody ravine, extending almost to the base of 
the Andes, gorgeously clothed in primeval vegctation— 
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Robert Stephenson's Cottage at Santa Anna. 


magnolias, palms, bamboos, tree-ferns, acacias, cedars; and, 
towering over all, the great almendrons, with their smooth, 
silvery stems, bearing aloft noble clusters of pure white 
blossom. The forest was haunted by myriads of gay insects, 
butterflies with wings of dazzling lustre, birds of brilliant 
plumage, humming-birds, golden orioles, toucans, and a 
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host of solitary warblers. But the glorious sunsets seen 
from his cottage-porch more than all astonished and de- 
lighted the young engineer; and he was accustomed to say 
that, after having witnessed them, he was reluctant to 
accuse the ancient Peruvians of idolatry. 

But all these natural beauties failed to reconcile him to 
the harassing difficulties of his situation, which continued 
to increase rather than diminish. He was hampered by the 
action of the Board at home, who gave ear to hostile 
criticisms on his reports; and, although they afterwards 
made handsome acknowledgment of his services, he felt his 
position to be altogether unsatisfactory. He therefore 
determined to leave at the expiry of his three years 
cngagement, and communicated his decision to the directors 
accordingly. On receiving his letter, the Board, through 
Mr. Richardson, of Lombard street, one of the directors, 
communicated with his father at Newcastle, representing 
that if he would allow his son to remain in Colombia the 
‘ompany would make it “worth his while.” To this the 
father gave a decided negative, and intimated that he 
himself needed his son’s assistance, and that he must 
return at the expiry of his three years’ term,—a decision, 
writes Robert, “at which I feel much gratified, as it 1s clear 
that he is as anxious to have me back in England as I am 
to get there.”* At the same time, Edward Pease, a principal 
partner in the Newcastle firm, privately wrote Robert to the 
following effect, urging his return home :—‘“TI can assure 
thee that thy business at Newcastle, as well as thy father’s 
engineering, have suffered very much from thy absence, and, 
unless thou soon return, the former will be given up, as Mr. 
Longridge is not able to give it that attention it requires ; 
and what is done is not done with credit to the house.” 
The idea of the manufactory being given up, which Robert 
had laboured so hard tu establish before leaving England, 
was painful to him in the extremo, and he wrote to the 
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manager of the Company, strongly urging that arrange- 
ments should be made for him to leave without delay. In 
the mean time he was again laid prostrate by another violent 
attack of aguish fever; and when able to write in June, 
1827, he expressed himself as “completely wearied and 
worn down with vexation.” 

At length, when he was sufficiently recovered from his 
attack and able to travel, he sect out on his voyage home- 
ward in the beginning of August. At Mompox, on his way 
down the river Magdalena, he met Mr. Bodmer, his suc- 
cessor, with a fresh party of miners from Ehgland, on their 
way up the country to the quarters which he had just 
quitted. Next day, six hours after leaving Mompox, a 
steamboat was met ascending the river, with Bolivar the 
Liberator on board, on his way to St. Bogota; and it was 
a mortification to our engineer that he had only a passing 
sight of that distinguished person. It was his intention, on 
leaving Mariquita, to visit the Isthmus of Panama on his way 
home, for the purpose of inquiring into the practicability of 
cutting a canal to unite the Atlantic and Pacific—a project 
which then formed the subject of considerable public dis- 
cussion; but his presence beiug so anxiously desired at 
home, he determined to proceed to New York without 
delay. 

Arrived at the port of Cartagena, he had to wait some 
time for a ship. The delay was very irksome to him, the 
more so as the city was then desolated by the ravages of the 
yellow fever. While sitting one day in the large, bare, 
comfortless public room of the miserable hotel at which he 
put up, he observed two strangers, whom he at once per- 
ceived to be English. One of the strangers was a tall, gaunt 
man, shrunken and hollow-looking, shabbily dressed, and 
apparently poverty-stricken. On making inquiry, he found 
it was Trevithick, the builder of the first railroad loco- 
motive! He was returning home from the gold-mines of 
Peru penniless. He had left England in 1816, with power- 
ful steam engines, intended for the drainage and working of 
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the Peruvian mines. He met with almost & royal reception 
on his landing at Lima. A guard of honour was appointed 
to attend him, and it was even proposed to erect a statue of 
Don Ricardo Trevithick in solid silver. It was given forth 
in Cornwall that his emoluments amounted to 100,000L. a 
year,* and that he was making a gigantic fortune. Great, 
therefore, was Robert Stephenson’s surprise to find this 
potent Don Ricardo in the inn at Cartagena, reduced almost 
to his last shilling, and unable to proceed further. He had 
indeed realised the truth of the Spanish proverb, that 
“a silver-mine brings misery, a gold-mine ruin.” He and 
his friend had lost everything in their journey across the 
country from Peru. They had forded rivers and wandered 
through forests, leaving all their baggage behind them, and 
had reached thus far with little more than the clothes upon 
their backs. Almost the only remnant of precious metal 
saved by Trevithick was a pair of silver spurs, which he 
took back with him to Cornwall. Robert Stephenson lent 
him 50/. to enable him to reach England; and though he 
was afterwards heard of as an inventor there, he had no 
further part in the ultimate triumph of the locomotive. 

But Trevithick’s misadventures on this occasion had not 
yet ended, for before he reached New York he was wrecked, 
and Robert Stephenson with him. The following is the 
account of the voyage, “ big with adventures,” as given by 
the latter in a letter to his friend Illingworth :—* At first 
we had very little foul weather, and indeed were for several 
days becalmed amongst the islands, which was so far 
fortunate, for a few degrees further north the most tre- 
mendous gales were blowing, and they appear (from our 
future information) to have wrecked every vessel exposed to 
their violence. We had two examples of the effects of the 
hurricane; for, as we sailed nurth we took on board the 
remains of two crews found floating about on dismantled 
hulls. The one had been nine days without food of any 
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kind, except the carcasses of two of their companions who 
had died a day or two previously from fatigue and hunger. 
The other crew had been driven about for six days, and 
were not so dejected, but reduced to such a weak state that 
they were obliged to be drawn on board our vessel by ropes. 
A brig bound for Havannah took part of the men, and we 
took the remainder. To attempt any description of my 
feelings on witnessing such scenes would be in vain. You 
‘will not be surprised to learn that I felt somewhat uneasy 
at the thought that we were so far from England, and that 
IT also might possibly suffer similar shipWreck; but I con- 
soled myself with the hope that fate would be more kind to 
us. It was not so much so, however, as I had flattered 
myself; for on voyaging towards New York, after we had 
made the land, we ran aground about midnight. The 
vessel soon filled with water, and, being surrounded by the 
breaking surf, the ship was soon split up, and before morn- 
ing our situation became perilous. Masts and all were cut 
away to prevent the hull rocking; but all we could do was 
of no avail. About 8 o'clock on the following morning, after 
a most miserable night, we were taken off the wreck, and were 
so fortunate as to reach the shore. I saved my minerals, 
but Empson lost part of his botanical collection. Upon the 
whole, we got off well; and, had I not been on the Ame- 
rican side of the Atlantic, 1 ‘guess’ 1 would not have gone 
to sea again.” 

After a short tour in the United States and Canada, 
Robert Stephenson and his friend took ship for Liverpool, 
where they arrived at the end of November, and at once 
proceeded to Newcastle. The factory was by no means in a 
prosperous state. During the time Robert had been in 
America it had been carried on at a loss; and Edward 
Pease, much disheartened, wished to retire, but George 
Stephenson was unable to buy him out, and the establish- 
ment had to be carried on in the hope that the locomotive 
might yet be established in public estimation as a practical 
and cvonomical working power. Robert Stephenson immedi- 
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ately instituted a rigid inquiry into the working of the con- 
cern, unravelled the accounts, which had fallen into confusion 
during his father’s absence at Liverpool; and he soon suc- 
ceeded in placing the affairs of the factory in a more healthy 
condition. In all this he had the hearty support of his 
father, as well as of the other partners. 

The works of the Liverpool and Manchester Railway 
were now approaching completion. But, singular to say, 
the directors had not yet decided as to the tractive power 
to be employed in working the line when opened for traffic. 
The differences of opinion among them were so great as 
apparently to be irreconcilable. 1t was necessary, however, 
that they should come to some decision without further loss 
of time ; and many Board meetings were accordingly held to 
discuss the subject. The old-fashioned and well-tried 
system of horse haulage was not without its advocates; but, 
looking at the large amount,of traffic which there was to be 
conveyed, and at the probable delay in the transit from 
station to station if this method were adopted, the directors, 
after a visit made by them to the Northumberland and 
Durham railways in 1828, came to the conclusion that the 
employment of horse power was inadmissible. 

Fixed engines had many advocates: the locomotive very 
few : it stood as yet almost in a minority of one—George 
Stephenson. The prejudice against the employment of the 
latter power had even increased since the Liverpool and 
Manchester Bill underwent its first ordeal in the House of 
Commons. In proof of this, we may mention that the 
Newcastle and Carlisle Railway Act was conceded in 182%), 
on the express condition that it should not be worked by 
locomotives, but by horses only. 

Grave doubts existed as to the practicability of working 
a large traffic by means of travelling engines. The most 
celebrated engincers offered no opinion on the subject. 
They did not believe in the locomotive, and would scarcely 
take the trouble to examine it. The ridicule with which 
George Stephenson had been assailed by the barristers 
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before the Parliamentary Committee had not been alto- 
gether distasteful to them. Perhaps they did not relish 
the idea of a man who had picked up his experience in 
Newcastle coal-pits appearing in the capacity of a leadirg 
engineer before Parliament, and attempting to establish a 
new system of internal communication in the country. 
The directors could not disregard the adverse and conflict- 
ing views of the professional men whom they consulted. 
But Mr. Stephenson had so repeatedly and earnestly urged 
ttpon them the propriety of making a trial of the locomotive 
before coming to any decision against it, chat they at length 
authorised him to procced with the construction of one of 
his engines by way of experiment. In their report to the 
proprietors at their-annual mecting on the 27th March, 
1828, they state that they had, after due consideration, 
authorised the enginecr “to prepare a locomotive engine, 
which, from the nature of itg construction and from the 
experiments already made, he is of opinion will be effective 
for the purposes of the Company, without proving an annoy- 
ance to the public.” The locomotive thus ordered was 
placed upon the line in 1829, and was found of great ser- 
vice in drawing the waggons full of marl from the two 
great cuttings. 

In the mean time the discussion proceeded as to the kind 
of power to be permanently employed for the working of 
the railway. The directors were inundated with schemes 
of all sorts for facilitating locomotion. The projectors of 
England, France, and America, secmed to be let loose upon 
them. ‘T’here were plans for working the waggons along 
the line by water power. Some proposed hydrogen, and 
others carbonic acid gas. Atmospheric pressure had its 
eager advocates. And various kinds of fixed and locomo- 
motive steam-power wero suggested. ‘Thomas Gray urged 
his plan of a greased road with cog rails; and Messrs. 
Vignolles and Ericsson recommended the adoption of a 
central friction rail, against which two horizontal rollers 
under the locomotive, pressing upon the sides of this rail, 
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were to afford the means of ascending the inclined planes. 
The directors felt themselves quite unable to choose from 
amidst this multitude of projects. ‘Tuhe engineer expressed 
himself as decidedly as heretofore in favour of smooth rails 
and locomotive engines, which, he was confident, would be 
found the most economical and by far the most convenient 
moving power that could be employed. The Stockton and 
Darlington Railway being now at work, another deputation 
went down personally to inspect the fixed and locomotive 
engines on that line, as well as at Hetton and Killingworth, 
They returned to Liverpool with much information ; but 
their testimony as to the relative merits of the two kinds of 
engines was so contradictory, that the directors were as fur 
from a decision as ever. 

They then resolved to call to their aid two professional 
engineers of high standing, who should visit the Darlington 
and Newcastle railways, carefully examine both modes of 
working— the fixed and the locomotive,—and report to them 
fully on the subject. The gentlemen .selected were Mr. 
Walker of Limehouse, and Mr. Rastrick of Stourbridge. 
After carefully examining the modes of working the northern 
railways, they made their report to the directors in the 
spring of 1829. They concurred in the opinion that the 
cost of an establishment of fixed engines would be some- 
what greater than that of locomotives to do the same work ; 
but thought the arinual charge would be less if the former 
were adopted. They calculated that the cost of moving a 
ton of gvods thirty miles by fixed engines would be 6- 404., 
and by locomotives, 8°36d.,—assuming a profitable traffic tc 
be obtained both ways. At the same time it was admitted 
that there appeared more ground for expecting improve- 
ments in the construction and working of locomotives than 
of stationary engines. On the whole, however, and looking 
especially at the computed annual charge of working the 
road on the two systems ona large scale, the two reporting 
engineers were of opinion that fixed engines were prefer- 
able, and accordingly recommended their adoption. And, in 
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order to carry the system recommended by them into effect, 
they proposed to divide the railroad between Liverpool and 
Manchester into nineteen stages of about a mile and a half 
each, with twenty-one engines fixed at the different points 
to work the trains forward. 

Such was the result, so far, of George Stephenson’s labours. 
Two of the best practical engineers of the day concurred in 
reporting substantially in favour of the employment of fixed 
engines. Not a single professional man of eminence sup- 
ported the engineer in his preference for locomotive over 
fixed engine power. He had scarcely an adherent, and the 
locdmotive system seemed on the eve of being abandoned. 
Still he did not despair. With the profession as well as public 
opinion against him—for the most frightful stories were 
abroad respecting the dangers, the unsightliness, and tho 
nuisance which the locomotive would create—Stephenson 
held to his purpose. Even in this, apparently the darkest 
hour of the locomotive, he did not hesitate to declare that 
locomotive railroads would, before many years had passed, 
be “the great highways of the world.” 

He urged his views upon the directors in all ways, and, 
as some of them thought, at all seasons. He pointed out 
the greater convenience of locomotive power for the purposes 
of a public highway, likening it to a series of short uncon- 
nected chains, any one of which could be removed and 
another substituted without interruption to the traffic; 
whereas the fixed engine system might be regarded in the 
light of a continuous chain extending between the two 
termini, the failure of any link of which would derange the 
whole.* He represented to the Board that the locomotive 


* The arguments used by Mr. 
Stephenson with the directors, in 
favour of the locomotive engine, 
were afterwards collected and pub- 
lished in 1830 by Robert Stephen- 
son and Joseph Locke, as “ com- 

iled from the Reports of Mr. 
eorge Stephenson.” The pam- 


phiet was entitled, ‘ Observations 
on the Comparative Merits of 
Locomotive and Fixed Engines.’ 
Robert Stephenson, speaking of 
the authorship many years after, 
said, “I believe I furnished the 
facts and the arguments, and Locko 
put them into shape. Locke was 
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was yet capable of great improvements, if proper induce- 
ments were held out to inventors and machinists to make 
them; and he pledged himself that, if time were given him, 
he would construct an engine that should satisfy their 
requirements, and prove itself capable of working heavy 
loads along the railway with speed, regularity and safety. 
At length, influenced by his persistent earnestness not less 
than by his arguments, the directors, at the suggestion of 
Mr. Harrison, determined to offer a prize of 500l. for the 
best locomotive engine, which, on a certain day, should be 
produced on the railway, and perform certain specified 
conditions in the most satisfactory manner.* 

It was now felt that the fate of railways in a great 
measure depended upon the issue of this appeal to the me- 
chanical genius of England. When the advertisement of 
the prize for the best locomotive was published, scientific 
men began more particularly to direct their attention to 
the new power which was thus struggling into existence. 
In the mean time public opinion on the subject of railway 


a very flowery writer, whcreas my 
style was rather bold and unat- 
tractive; so he was the editor of 
the pamphlet, which excited a 
good decal of attention amongst 
engineers at the time,” 

* The conditions were these :— 

1. The engine must effectually 
consume its own smoke, 

2. The engine, if of six tons 
weight, must be able to draw after 
it, day by day, twenty tons weight 
(including the tender and water- 
tank) at ten miles an hour, with a 
pressure of steam on the boiler not 
excecding fifty pounds to the square 
inch. 

3. The boiler must have two 
safuty-valves, neither of which 
must be fastened down, and one 
of ther bo completely out of the 
control of the engineman. 

4. The engine and boiler must 


be supported on springs, and rest | 


on six wheels, the height of the 
whole not exceeding fifteen feet to 
the top of the chimney. 

5. The engine, with water, must 
not weigh more than six tons; but 
an engine of less weight would be 
preferred on its drawing a propor- 
tionate load behind it; it only four 
and a half tons, then it might be 
put on only four wheels. The Com- 

many to be at liberty to test the 

iler, &c., by a pressure of one 
hundred and fifty pounds to the 
square inch. 

6. A mercurial gauge must be 
aftixed to the machine, showing 
the steam pressure above forty-five 
pounds per square inch. 

7. The engine must be delivered, 
complete and ready for trial, at the 
Liverpool end of the railway, not 
later than the Ist of October, 1829, 

8. The price of the engine must 
not Ref 5501. 
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working remained suspended, and the progress of the under- 
taking was watched with intense interest. 

During tho progress of the discussion with reference to 
the kind of power to be employed, Mr. Stephenson was in 
constant communication with his son Robert, who made 
frequent visits to Liverpool for the purpose of assisting his 
father in the preparation of his reports to the Board on the 
subject. They had also many conversations as to the best 
mode of increasing the powers and perfecting the mechanism 
of the locomotive. These became more frequent and inte- 
resting, when the prize was offered for the best locomotive, 
ard the working plans of the engine which they proposed 
to construct came to be settled. 

One of the most important considerations in the new 
engine was the arrangement of the boiler and the extension 
of its heating surface to enable steam enough to be raised 
rapidly and continuously, for the purpose of maintaining 
ligh rates of speed,—the effect of high-pressure engines 
being ascertained to depend mainly upon the quantity of 
steam which the boiler can generate, and upon its degree 
of elasticity when produced. The quantity of steam so 
generated, it will be obvious, must depend chiefly upon the 
quantity of fucl consumed in the furnace, and by necessary 
consequence, upon the high rate of temperature maintained 
there. 

It will be remembered that in Stephenson’s first. Killing- 
worth engines he invented and applied the ingenious 
method of stimulating combustion in the furnace, by throw- 
ing the waste steam into the chimney after performing its 
office in the cylinders, thus accelerating the ascent of the 
current of air, greatly increasing the draught, and conse- 
quently the temperature of the fire. This plan was adopted 
by him, as we have already seen, as carly as 1815; and it 
was so successful that he himself attributed to it the 
greater economy of the locomotive as compared with horse 
power. Hence the continuance of its use upon the Killing. 
worth Railway. 
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Though the adoption of the steam-Dblast greatly quickened 
oombustion and contributed tothe rapid production of high- 
pressure steam, tho limited amount of heating surface pre- 
sented to the fire was still felt to be an obstacle to the 
complete success of the locomotive engine. Mr. Stephenson 
endeavoured to overcome this by lengthening the boilers 
and increasing the surface presented by the flue-tubes. ‘The 
“ Lancashire Witch,” which he built fur the Bolton and 
Leigh Railway, and used in forming the Liverpool and 
Manchester Raylway embankments, was constructed with 
a double tube, each of which contained a fire and passed 
longitudinally through the boiler. But this arrangement 
necessarily led to a sonidos ‘able increase in the weight. of 
the engine, which amounted to about twelve tons; and as 
six tons was the limit allowed for cngines admitted to the 
Liverpool competition, 1t was clear that the time was come 
when the Killingworth locomotive must undergo a further 
Laportant modification. 

For many years previous to this period, ingenious me- 
chanics had been engaged in attempting to solve the problem 
of the best and most economical boiler for the production of 
high-pressure steam. As carly as 1803, Mr. Woolf patented 
a tabular boiler, which was extensively employed at the 
Cornish mines, and was found greatly to facilitate the pro- 
duction of steam, by the extension of the heating surface. 
The ingenious Trevithick, in his patent of 1815, seems also 
to have entertained the idea of employing a boiler con- 
structed of “small perpendicular tubes,” with the same 
object of inercasing the heating surface. These tubes were 
to be closed at the bottom, and open into a common reser- 
voir, from which they were to receive their water, and 
where the steam of all the tubes was to bo united. 

About the same time George Stephenson was trying the 
effect of introducing small tubes in the boilers of his loco 
motives, with the object of increasing their cvaporative 
power. Thus, in 1829, he sent to France two engines con- 
structed at the Newcastle works for the Lyons and St. 

Vv. P 
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Etienne Railway, n the boilers of which tubes were placed 
containing water. The heating surface was thus found to 
be materially increased; but the expedient was not success- 
ful, for the tubes, becoming furred with deposit, shortly 
burned out and were removed. It was then that M. Seguin, 
the engineer of the railway, pursuing the same idea, adopted 
his plan of employing horizontal tubes through which 
the. heated air passed in streamlets. Mr. Henry Booth, the 
secretary of the Liverpoul and Manchester Railway, with- 
out any knowledge of M. Seguin’s proceedirgs, next devised 
his plan of a tubular boiler, which he brought under the 
notice of Mr. Stephenson, who at once adopted it, and 
settled the mode in which the fire-box and tubes were to be 
mutually arranged and connected. This plan was adopted 
in the construction of the celebrated “ Rocket” engine, the 
building of which was immediately proceeded with at 
the Newcastle works. 

The principal circumstances connected with the construc- 
tion of the “ Rocket,” as described by Robert Stephenson to 
the author, may be briefly stated. The tubular principle 
was adopted in a more complete manner than had yet been 
attempted. T'wenty-five copper tubes, each three inches in 
diameter, extended from one end of the boiler to the other, 
the heated air passing through them on its way to the 
chimney ; and the tubes being surrounded by the water of 
the boiler, it will be obvious that a large extension of the 
heating surface was thus effectually secured. The principal 
difficulty was in fitting the copper tubes within the boiler 
so as to prevent leakage. They were made by a Newcastle 
coppersmitn, and soldered to brass screws which were 
screwed into the boiler ends, standing out in great knobs. 
When the tubes were thus fitted, and the boiler was filled 
with water, hydraulic pressure was applied; but the water 
squirted out at every joint, and the factory floor was soon 
flooded. Robert went home in despair; and in the first 
moment of grief, he wrote to his father that the whole 
thing was a failure. By return of nost came a letter from 
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his father, telling him that despair was not to be thought 
of—that he must “try again ;” and he suggested a mode of 
overcoming the difficulty, which his son had already antici- 
pated and proceeded to adopt. It was, to bore clean holes 
in the boiler ends, fit in the smooth copper tubes as tightly 
as possible, solder up, and then raise the steam. This plan 
succeeded perfectly, the expansion of the copper tubes com- 
pletely filling up all interstices, and producing a perfectly 
watertight boiler, capable of withstanding extreme internal 
pressure. : 

The mode of employing the steam-blast ‘for the purpose 
of increasing the draught in the chimney, was also the 
subject of numerous experiments. .When the engine was 
first tried, it was thought that the blast in the chimney 
was not strong enough to keep up the intensity of the fire 
in the furnace, so as to produce high-pressure steam in suf-_ 
ficient quantity. The expedient was theréfore adopted of 
hammering the copper tubes at the point at which they 
entered the chimney, whereby the blast was considerably 
sharpened ; and on a further trial it was found that the 
draught was increased to such an extent as to enable abun- 
dance of steam to be raised. The rationale of the blast may 
be simply explained by referring to the effect of contracting 
the pipe of a water-hose, by which the force of the jet 
of water is proportionately increased. Widen the nozzle of 
the pipe, and the force is in like manner diminished. So is 
it with the steam-blast in the chimney of the locomotive. 

Doubts were, however, expressed whether the greater 
draught secured by the contraction of the blast-pipe was 
not counterbalanced in some degree by the negative 
pressure upon the piston. A series of experiments was 
made with pipes of different diameters; the amount of 
vacuum produced being determined by a glass tube open 
at both ends, which was fixed to the bottom of the smoke- 
box, and descended into a bucket of water. As the rare- 
fuction took place, the water would of course rise in the 
tube; and the height to which it rose above the surface 

P 2 


212 ARRANGEMENTS OF THE “ROCKET.” Cuap, XI. 


of the water in the buckct was made the measure of the 
amount of rarefaction. ‘These experiments proved that a 
considerable increase of draught was obtained by the con- 
traction of the orifice; accordingly, the two blast-pipes 
opening from the cylinders into either side of the “Rocket” 
chimney, and turned up within it, were contracted slightly 
below the area of the steam-ports 5 and before the engine 
left the fuctery, the water rose in the glass tube three 
inches above the water in the bucket. 

The other arrangements of the “Roexéi” were briefly 
these: —the boiler was cylindrical with flat ends, 6 fect 
in length, and 3 feet 4 inches in diameter. The upper 
half of the boiler was-used as a reservoir for the steam 
the lower half being filled with water. Through the lower 
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The “ Rocket.” 


part, 25 copper tubes of 3 inches diameter extended, which 
were open to the fire-box at one end, and to the chimney 
at the other. The fire-box, or furnace, 2 feet wide and 3 
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feet high, was attached immediately behind the boiler, and 
was also surrounded with water. The cylinders of the 
engine were placed on each side of the boiler, in an oblique 
position, one end being nearly level -with the top of the 
boiler at its after end, and the other pointing towards 
the centre of the foremost or driving pair of wheels, with 
which the connection was directly made from the piston- 
rod, to a pin on the outside of the wheel. The engine, 
together with its load of water, weighed only 4} tons, and 
was supported on four wheels, not coupled. The ‘tender 
was four-wheeled, and similar in shape to a waggon,— 
the foremost part holding the fuel, and the hind part a 
water-cask. © 

When the “ Rocket” was finished, it was ‘placed upon 
the Kullingworth railway for the purpose of experiment. 
The new bouer arrangement was found perfectly successful. 
The steam was raised rapidly and continuously, and in a 
quantity which then appeared marvellous. The same 
evening Robert despatched a letter to his father at Liver- 
pool, informing him, to his great joy, that the “ Rocket” 
was ‘all right,” and would be in complete working trim 
by the day of tral. The engine was shortly after sent 
by waggon to Carlisle, and thence shipped for Liverpool. 

The time so much longed for by George Stephenson 
had now arrived, when the merit of the passenger loco- 
motive was to be put to a public test. He had fought 
the battle for it until now almost single-handed. En- 
grossed by his daily labours and anxieties, and harassed 
by difficulties and discouragements which would have 
crushed the spirit of a less resolute man, he had held 
finnly to his purpose through good and throngh evil 
report. The hostility which he experienced from soine 
of the directors opposed to the adoption of the locomo- 
tive, was the circumstance that caused him the greatest 
grief of all; for where he had looked for encouragement, 
he found only carping and opposition. But his pluck 
never failed him; and now the “Rocket” was upon the 
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ground,—to prove, to use his own words, “whether he 
was a man of his- word or not.” 

Great interest was felt at Liverpocl, as well as through- 
out the country, in the approaching competition. En- 
gineers, scientific men, and mechanics, arrived from all 
quarters to witness the novel display of mechanical in- 
genuity on which such great results depended. The public 
generally were no indifferent spectators either. The in- 
habitants of Liverpool, Manchester, and the adjacent towns 
felt that the successful issue of the experiment would 
confer upon them individual benefits and*local advantages 
almost incalculable, whilst populations at a distance waited 
for the result with almost equal interest. 

On the day appointed for the great competition of loco 
motives at Rainhill, the following engines were entered for 
the prize :-— 

1. Messrs. Braithwaite and Ericsson’s* “ Novelty.” 

2. Mr. Timothy Hackworth’s “ Sanspareil.” 

3. Messrs. R. Stephenson and Co.'s “ Rocket.” 

4. Mr. Burstall’s “ Perseverance.” 


Another engine was entered by Mr. Brandreth of Liver- 
pool—the “ Cycloped,” weighing 3 tons, worked by a horse 
in a frame, but it could not be admitted to the competi- 
tion. The above were the only four exhibited, out of a 
‘considerable number of engines constructed in different 
parts of the country in anticipation of this contest, many of 
which could not be satisfactorily completed by the day 
of trial. 

The ground on which the engines were to be tried was 
a level piece of railroad, about two miles in length. Each 
was required to make twenty trips, or equal to a journey 


* The inventor of this engine loric Engine has so far proved a 
was a Swede, who afterwards pro- failure. but his iron cupola vessel, 
ceeded to the United States, and the “ Monitor,” must be admitted 
there achieved considerable dis- to have been a remarkable success 
tinction as an engineer. His Ca- in its way. 
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of 70 miles, in the course of the day ; and the average rate 
of travelling was to be not under 10 miles an hour. It 
was determined that, to avoid confusion, cach engine should 
be tried separately, and on different days. 

The day fixcd for the competition was the Ist of October, 
but to allow sufficient time to get the locomotives into good 
working order, the directors extended it to the 6th. On the 
morning of the 6th, the ground at Rainhill presented a 
lively appearance, and there was as much excitement as if 
the St. Leger were about to be run. Many thousand 
spectators looked on, amongst whom were some of the first 
engineers and mechanicians of the day. <A stand was 
provided for the ladies; the “beauty and fashion ” of the 
neighbourhood were present, and the side of the railroad 
was lined with carriages of all descriptions. 
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Locomotive competition at: RainhilL 


It was quite characteristic of the Stephensons, that, 
although their engine did not stand first on the lst for trial, 
it was the first that was ready; and it was accordingly 
ordered out by the judges for an experimental trip. Yet 
the “ Rocket” was by no means “ the favourite ” with either 
the judges or the spectators. A majority of the judges was 
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strongly predisposed in favour of the “ Nevelty,” and nine- 
tenths of those present were against the “ Rocket” because 
of its appearance. Nearly every person favoured some other 
engine, so that there was nothing for the “ Rocket ” but the 
practical test. The first trip which it made was quite 
successful. It ran about 12 miles, without interruption, in 
about 53 minutes. 

The “Novelty” was next called out. It was a light 
engine, very compact in appearance, carrying the water 
and fuel upon the same wheels as the engine. The weight 
of the whule was only 3 tons and | hundredweight. A 
peculiarity of this engine wus that the air was driven or 
forced through the fire by means of bellows. The day being 
now far advanced, and some dispute having arisen as to the 
method of assigning the proper load for the “ Novelty,” no 
particular experiment was made, further than that the 
engine traversed the line by way of exhibition, occasionally 
moving at the rate of 24 miles an hour. The * Sanspareil,” 
constructed by Mr. ‘Timothy Hackworth, was next ex- 
hibited ; but no particular experiment was made with 1t on 
this day. 

The contest was postponed until the following day, but 
before the judges arrived on The ground, the bellows for 
creating the blast in the “ Novelty” gave way, and it was 
found incapable of going through its performance. <A defect 
was also detected in the boiler of the “Sanspareil ;” and 
sume further time was allowed to get it repaired. The 
large number of spectators who had assembled to witness 
the contest were greatly disappointed at this postponement ; 
but, to lessen it, Stephenson ayain brought out the “ Rocket,” 
and, attaching to it a coach containing thirty persons, he ran 
them along the line at the rate of from 24 to 30 miles an 
hour, much to their gratification and amazement. Before 
separating, the judges ordered the engine to be in readiness 
by eight o'clock on the following morning, to go through its 
definitive trial according to the prescribed conditions. 

On the morning of the 8th October, the “ Rocket” was 
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again ready for the contest. The engine was taken to the 
extremity of tho stage, the fire-box was filled with coke, the 
fire lighted, and the steam raised until it lifted the safety- 
valve loaded to a pressure of 50 pounds to the square inch. 
This proceeding occupied fifty-seven minutes. ‘The engine 
then started on its journey, dragging after it about 13 tons 
weight in waggons, and made the first ten trips backwards 
and forwards along the two miles of road, running the 35 
mules, including stoppages, in one hour and 48 minutes. 
The second ten trips were in lke manner performed in 2 
hours and 3 minutes. ‘ho maximum velocity attained 
during the trial trip was 29 miles an hour, or about three 
times the speed that one of the judges of the competition 
had declared to be the limit of posstbility. The average 
speed at which the whole of the journeys were performed 
was 15 miles an hour, or 5 miles beyond the rate specified 
in the conditions published by the Company. ‘Ihe entire 
performance excited the greatest astonishment amongst the 
assembled spectators ; the directors felt confident that their 
enterprise was now on the eve of success; and George 
Stephenson rejoiced to think that in spite of all false 
prophets and fickle counsellors, the locomotive system was 
now safe. When the “ Rocket,” having performed all the 
conditions of the contest, arrived at the “grand stand” at 
the close of its day’s successful run, Mr. Cropper—one of the 
directors favouravle to the fixed-engine system—lifted up 
his hands, and exclaimed, “ Now has George Stephenson at 
last delivered himself!” 

Neither the “ Novelty” nor the “Sanspareil ” was ready 
for trial until the 10th, on the morning of which day an 
advertisement appeared, stating that the former engine was 
to be tried on that day, when it would perform more work 
than any engine upon the ground. The weight of the car- 
riages attached to it was only about 7 tons. ‘The engine 
passed the first post in good style; but in returning, 
the pipe from the forcing-pump burst and put an end to the 
trial, The pipe was afterwards repaired, and the engine 
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made several trips by itself, m which it was said to have 
gone at the rate of from 24 to 23 miles an hour. 

The “Sanspareil” was not ready until the 13th; and 
when its boiler and tender were filled with water, it was 
found to weigh 4 cwt. beyond the weight specified in the 
published conditions as the hmit of four-wheeled engines ; 
nevertheless the judges allowed it to run on the same foot- 
ing as the other engines, to enable them to ascertain 
whether its merits entitled it to favourable consideration. 
It travelled at the average speed of about 14 miles an hour, 
with its load attached; but at the eighth trip the cold- 
water pump got wrong, and the engine could proceed no 
further. 

It was determined +to award the premium to the success- 
ful engine on the following day, the 14th, on which 
occasion there was an unusual assemblage of spectators. 
The owners of the “ Novelty” pleaded for another trial; 
and it was conceded. But again it broke down. The 
owner of the “Sunspareil” also requested the opportunity 
for making another trial of his engine. But the judges had 
now had enongh of failures; and they declined, on the 
ground that not only was the engine above the stipulated 
weight, but that it was constructed on a plan which they 
could not recommend for adoption by the directors of the 
Company. One of the principal practical objections to this 
locomotive was the enormous quantity of coke consumed or 
wasted by it—about 692 lbs. per hour when travelling— 
caused by the sharpness of the stcam-blast in the chimncy, 
which blew a large proportion of the burning coke into 
the air. 

The “ Perseverance” was found unable to move at more 
than five or six miles an hour; and it was withdrawn from 
the contest at an carly period. The “Rocket” was thus 
the only engine that had performed, and more than per- 
formed, all the stipulated conditions; and its owners were 
declared to be fully entitled to the prize of 5001, which 
was awarded to the Messrs. Stephenson and Booth accord 
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ingly. And further, to show that the engine had been 
working quite within its powers, Mr. Stephenson ordered it 
to be brought upon the ground and detached from all in- 
cumbrances, when, in making two trips, it was found to 
travel at the astonishing rate of 35 miles an hour. 

The “ Rocket” had thus eclipsed the performances of all 
locomotive engines that had yet been constructed, and out- 
stripped even the sanguine expectations of its constructors. 
It satisfactorily answered the report of Messrs. Walker and 
Rastrick; and established the efficiency of the locomotive 
for working the’ Liverpool and Manchester Railway, and 
indeed all future railways. The “Rocket” showed that a 
new power had been born into the world, full of activity 
and strength, with boundless capabiltty of work. It was the 
simple but admirable contrivance of the steam-blast, and its 
combination with the multitubular boiler, that at once gave 
the locomotive a vigorous life, and secured the trinmph of 
the railway system.* It has been well observed, that this 
wonderful ability to increase and multiply its powers of 
performance with the emergency that demands them, has 
made this giant engine the noblest creation of human wit, . 
the very lion among machines. The success of the Rain- 
hill experiment, as judged by the public, may be inferred 
from the fact that the shares of the Company immediately 
rose ten per cent., and nothing more was heard of the 
proposed twenty-one fixed engines, engine-houses, ropes, &c. 
All this cumbersome apparatus was thencefurward effec- 
tually disposed of. 

Very different now was the tone of those directors who 
had distinguished themselves by the persistency of their 
opposition to Mr. Stephenson’s plans. Coolness gave way 
to eulogy, and hostility to unbounded offers of friendship— 
after the manner of many men who run to the help of the 
strong. Deeply though the engineer had felt aggrieved by 


* “The Rocket” is now to be | Kensington, where it is carefully 
gecn at the Museum of Patents at | preserved. 
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the conduct pursued towards him during this eventful 
struggle, by some from whom forbearance was to have been 
expected, he never entertained towards them in after life 
any angry feelings; on the contrary, he forgave all. But 
though the directors afterwards passed unanimous resolu- 
tions eulogising “the great skill and unwearied energy” of 
their engineer, he himself, when speaking confidentially to 
those with whom he was most intimate, could not help 
pointing out the difference between his * foul-weather and 
fair-weather friends.” Mr. Gooch says of him that though 
naturally most cheerful and kind-hearted in his disposition, 
the anxiety and pressure which weighed upon his mind 
during the construction of the railway, had the effect of 
niin him occasionally ympatient and irritable, lke a 
eaccd horse touched by the spur; though his original 
goodnature from time to time shone through it all. When 
the line had been brought to a successful completion, a very 
marked change m hun became visible. The irritability 
passed away, and when difficulties and vexations arose they 
were treated by him as matters of course, and with perfect 
composure and clicerfulness. 
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CHAPTER XII. 


OPENING OF THE LivERPooL AND MANCHESTER RAILway, 
AND EXTENSION OF THE RatLway System. 


Tue directors of ¢he Railway now began to see daylight; 
and they derived encouragement from the skilful manner in 
which their engineer had overcome the principal difficulties 
of the undertaking. Ile had formed g solid road over Chat 
Moss, and thus achieved one “impossibility ;” and he had 
constructed a locomotive that could run at a speed of 30 
miles an hour, thus vanquishing a still more formidable 
difficulty. 

A single line of way was completed over Chat Moss by 
the Ist of January, 1830; and on that day, the “ Rocket” 
with a carriage full of directors, engineers, and their friends, 
passed along the greater part of the road between Liver- 
pool and Manchester. Mr. Stephenson continued to direct 
his close attention to the improvement of the details of the 
locomotive, every successive trial of which proved more 
satisfactory. In this department he had the benefit of 
the able and unremitting assistance of his son, who, in the 
workshops at Neweastle, directly superintended the con- 
struction of the new engines required for the public work- 
ing of the railway. He did not by any means rest satisfied 
with the success, decided though it was, which had been 
achieved by the “ Rocket.” He regarded it but in the hght 
of a successful experiment; and every succeeding engme 
placed upon the railway exhibited some improvement on its 
predecessors. The arrangement of the parts, and the weight 
and proportions of the engines, were altered, as the expe- 
rience of each successive day, or week, or month, suggested ; 
and it was soon found that the performances of the 
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“ Rocket” on the day of trial had been greatly within the 
powers of the locomotive. 

The first entire trip between Liverpool and Manchester 
was performed on the 14th of June, 1830, on the occasion 
of a Board meeting being held at the latter town. The train 
was on this occasion drawn by the “ Arrow,” one of the 
new locomotives, in which the most recent improvements 
had been adopted. Mr. Stephenson himself drove the 
engine, and Captain Scoresby, the circumpolar navigator, 
stood beside him on the foot-plate, and minuted the speed 
of the train. A great concourse of people assembled at both 
termini, as well as along the line, to witness the novel 
speotacle of a train of carriages dragged by an engine at a 
speed of 17 miles an hour. On the return journey to Liver- 
pool in the cvening, the “ Arrow” crossed Chat Moss at a 
specd of nearly 27 miles an hour, reaching its destination 
in about an hour and a half. 

In the mean time Mr. Stephenson and his assistants were 
diligently occupied in making the necessary preliminary 
arrangements for the conduct of the traffic against the time 
when the line should be ready for opening. The experi- 
ments made with the object of carrying on the passenger 
traffic at quick velocities were of an especially harassing 
and anxious character. Kvery weck, for nearly three 
months before the opening, trial trips were made to 
Newton and back, generally with two or three trains fol- 
lowing each other, and carrying altogether from 200 to 300 
persons. These trips were usually made on Saturday after- 
noons, when the works could be more conveniently stopped 
aud the line cleared. In these experiments Mr. Stephenson 
had the able assistance of Mr. Henry Booth, the secretary 
of the Company, who contrived many of the arrangements 
in the rolling stock, not the least valuable of which was his 
invention of the coupling screw, still in use on all passenger 
railways. 

At length the line was finished, and ready for the public 
ceremony of the opening, which took place on the 15th 
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September, 1830, and attracted a vast number of spectators, 
The completion of the railway was justly regarded as an 
important national event, and the opening was celebrated 
accordingly. The Duke of Wellington, then Prime Minister, 
Sir Kobert Peel, and Mr. Huskisson, one of the members 
for Liverpool, were among the number of distinguished 
public personages present. 

Kight locomotive engines, constructed at the Stephenson 
works, had been delivered and placed upon the line, the 
whole of which had been tried and tested weeks before, 
with perfect success. ‘The several trains of carriages accom- 
modated in all about six hundred persons. The procession 
was checred in its progress by thousands of spectators— 
through the deep ravine of Olive Mount ; up the Sutton 
incline; over the great Sankey viaduct, beneath which a 
great multitude of persons had assembled,——carriages filling 
the narrow lanes, and barges crowding the river; the people 
below gazing with wonder and admiration at the trains 
which sped along the line, far above their heads, at the 
rate of some 24 miles an hour. 

At Parkside, about 17 miles from Liverpool, the engines 
stopped to take in water. Here a deplorable accident oc- 
curred to one of the illustrious visitors, which threw a deep 
shadow over the subsequent proceedings of the day. The 
“ Northumbrian ” engine, with the carriage containing the 
Duke of Wellington, was drawn up on one line, in order 
that the whole of the trains on the other line might pass in 
review before him and his party. Mr. Huskisson had 
alighted from the carriage, and was standing on the oppo- 
site road, along which the “ Rocket” was observed rapidly 
eoming up. At this moment the Duke of Wellington, 
between whom and Mr. Huskisson some coolness had ex- 
isted, made a sign of recognition, and held out his hand. 
A hurried but friendly grasp was given; and before it was 
loosened there was a general cry from the bystanders of 
“Get in, get in!” Flurried and confused, Mr. Huskisson 
endeavoured to get round the open door of the carriage, 
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which projected over the opposite rail; but in so doing he 
was struck down by the “ ltucket,” and falling with his leg 
doubled across the rail, the limb was instantly crushed. 
lis first words, on being raised, were, “] have met my 
death,’ which unhappily proved true, for he expired that 
same evening in the parsonage of Eccles. * It was cited at 
the time as a remarkable fact, that the “ Northumbrian ” 
engine, driven by George Stephenson himself, conveyed the 
wounded body of the unfortunate gentlemau a distance of 
about 14 miles in 25 minutes, or at the yate of 36 iniles an 
hour. ‘This incredible speed burst upon the world with 
the effect of a new and unlooked-for phenomenon. 

The accident threw a gloom over the rest of the day’s 
proceedings. The Dtke of Wellington and Sir Robert Peel 
expressed a wish that the procession should return to Liver- 
pool. 1 was, however, represented to them that a vast 
concourse of people had assembled at Manchester to witness 
the arrival of the trains; that report would exaggerate the 
mischief, if they did not complete the journey; and that a 
false panic on that day might seriously affect future railway 
travelling and the value of the Company's property. The 
party consented accordingly to proceed to Manchester, but 
on the understanding that they should return as soon as 
possible, and refram from further festivity. 

As the trains approached Manchester, crowds of people 
were fornd covering the banks, the slopes of the cuttings, 
and even the railway itself. he multitude, become im- 
patient and excited by the rumours which reached them, had 
outflanked the military, and all order was at an end. ‘The 
people clambercd about the carriages, holding on by the 
dvor-handles, and many were tumbled over; but, happily, 
no fatal accident occurred. At the Manchester station, the 
political element began to display itself; placards about 
“ Peterloo,” &e, were exhibited, and brickbats were thrown 
at the carriage containing the Duke. On the carriages 
coming to a stand in the Manchester station the Duke did 
not descend, but remained seated, shaking hands with the 
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women and children who were pushed forward by the 
crowd. Shortly after, the trains returned to Liverpool, 
which they reached, after considerable interruptions, in the 
dark, at a late hour. 

On the following morning the railway was opened for 
public traffic. The first train of 140 passengers was booked 
and sent on to Manchester, reaching it in the allotted period 
of two hours; and from that time the traffic has regularly 
proceeded from day to day until now. 

It is scarcely necessary that we should speak at any 
length of the corfimercial results of the Liverpool and Man- 
chester Railway. Suffice it to say that its success was 
complete and decisive. The anticipations of its projectors 
were, however, in many respects at fault. They had based 
their calculations almost entirely on the heavy merchandise 
traffic—such as coal, cottun, and timber,—relying little 
upon passengers; whereas the receipts derived from the 
conveyance of passengers far exceeded those derived from 
merchandise of all kinds, which, for a time continued a sub- 
ordinate branch of the traffic. 

For some time after the public opening of the line, Mr. 
Stephengon’s ingenuity continued to be employed in devising 
improved methods for securing the safety and comfort of 
the travelling public. Few are aware of the thousand 
minute details which have to be arranged—the forethought 
and contrivance that have to be exercised—to enable the 
traveller by railway to accomplish his journey in safety. 
After the difficulties of constructing a level road over bogs, 
across valleys, and through deep cuttings, have been over- 
come, the maintenance of the way has to be provided for with 
continuous care. Every rail with its fastenings must be com- 
plete, to prevent risk of accident; and the road must be kept 
regularly ballasted up to tho level, to diminish the jolting 
of vehicles passing over it at high speeds. ‘Then the stations 
must be protected by signals observable from such a dis- 
tance as to cnable the train to be stopped in event of an 
obstacle, such as a stopping or shunting train being in the 
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way. For some years the signals employed on the Liver- 
pool railway were entirely given by men with flags of dif- 
ferent colours stationed along the line; there were no fixed 
signals, nor electric telegraphs; but the traffic was ncver- 
theless worked quite as safely as under the more elaborate 
and complicated system of telegraphing which has since 
been established. 

From an early period it became obvious that the iron road 
as originally laid down was fur too weak for the heavy 
traffic which it had to carry. The line was at first laid 
with fish-bellicd rails weighing thirty-five pounds to the 
yard, calculated only for horse-traffic, or, at most, for engines 
like the “ Rocket,” of very hght weight. But as the power 
and the weight of the locomotives were increased, it was 
found that such rails were quite insufficient for the safe 
conduct of the traffic, and it therefore became necessary to 
ré-lay the road with heavier and stronger rails at consider- 
ably increased expense. 

Ihe details of the carrying stock had in hke manner to 
be settled by experience. Everything had, as it were, to be 
begun from the beginning. The coal-waggon, it is true, 
served in some degree as a model for the railway-truck ; but 
the railway passenger-carriage was an entirely novel 
structure. It had to be mounted upon strong framing, of a 
peculiar kind, supported on springs to prevent jolting. 
Then there was the necessity for contriving some method of 
preventing hard bumping of the carriage-ends when the 
train was pulled up; and hence the contrivance of buffer- 
springs and spring frames. I*or tho purpose of stopping the 
train, brakes on an improved plan were also contrived, 
with new modes of lubricating the carriage-axles, on which 
the wheels revolved at an unusually high velocity. In all 
these arrangements, Mr. Stephenson’s inventiveness was kept 
constantly on the stretch; and though many improvements 
ium detail have been effccted since his time, the foundations 
were then laid by him of the present system of conduct- 
ing railway traffic. As an illustration of the inventive 
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ingenuity which he displayed in providing for the working 
of the Liverpool line, we may mention his contrivance of the 
Self-acting Brake. He early entertained the idea that the 
momentum of the running train might itself be made 
available for the purpose of checking its speed. Le proposed 
to fit each carriage with a brake which should be called 
into action immediately on the locomotive at the head of the 
train being pulled up. The impetus of the carriages carry- 
ing them forward, the buffer-springs would be driven home, 
and, at the same time, by a simple arrangement of the 
mechanism, the brakes would be called into simultaneous 
action; thus the wheels would be brought into a state of 
sledge, and the train speedily stopped. This plan was 
adopted by Mr. Stephenson before he left the Liverpool 
and Manchester Railway, though it was afterwards discon- 
tinued ; but it is a remarkable fact, that this identical plan, 
with the addition of a centrifugal apparatus, has quite 
recently been revived by M. Guérin, a French engineer, and 
extensively employed on foreign railways, as the best 
method of stopping railway trains in the most efficient 
manner and in the shortest time. 

Finally, Mr. Stephenson had to attend to the improvement 
of the power and specd of the locomotive—always the grand 
object of his study,—with a view to economy as well as 
regularity of working. In the “Planet” engine, delivered 
upon the line immediately subsequent to the public opening, 
all the improvements which had up to that time been 
contrived by him and his son were introduced in combina- 
tion—the blast-pipe, the tubular. boiler, horizontal cylinders 
inside the smoke-box, the cranked axle, and the fire-box 
firmly fixed to the boiler. The first load of goods conveyec 
from Liverpool to Manchester by the “ Planet” was 80 tons 
in weight, and the engine performed the journey against a 
strong head wind in 24 hours. On another occasion, the 
same engine brought up a cargo of voters fromm Manchester 
to Liverpool, during a contested election, within a space of 
sixty minutes! The “ Samson,” delivered in the opine 
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year, exhibited still further improvements, the most impor- 
tant of which was that of coupling the fore and hind wheels 
of the engine. Dy this means, the adhesion of the wheels 
on the rails was more effectually secured, and thus the full 
hauling power of the locomotive was made available. The 
“Samson,” shortly after it was placed upon the line, dragged 
after it a train of waggons weighing 150 tons at a speed of 
about 20 miles an hour; the consumption of coke being 
reduced to only about a third of a pound per ton per 
mile. 

The success of the Liverpool and Manchester experiment 
naturally excited great interest. People flocked to Lanca- 
shire from all quarters to see the steam-coach running upon 
a railway at three timés the speed of a mailcoach, and to 
enjoy the excitement of actually travelling in the wake of 
un engine at that incredible velocity. The travellers re- 
turned to their respective districts full of the wonders of 
the locomotive, considering it to be the greatest marvel 
of the age. Railways are familiar enough objects now, and 
our children who grow up in their midst may think little 
of them; but thirty years since it was an event in one’s life 
to see a locomotive, and to travel for the first time upon a 
public railroad. 

‘The practicability of railway locomotion being now proved, 
and its great social and commercial advantages ascertained, 
the general extension of the system was mcrely a question 
of time, money, and labour. Although the legislature took 
no initiative step in the direction of railway extension, the 
oublic spirit and enterprise of the country did not fail it at 
this juncture. The English people, though they may be 
defective in their capacity for organization, are strong in 
individualism ; and not improbably their admirable qualities 
in the latter respect detract from their efficiency in the 
former. Thus, in all times, their greatest enterprises have 
uct been planned by officialism and carried out upon any 
regular system, but have sprung, like their constitution, 
their laws, and their entire industrial arrangements, from 
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the force of circumstances and the individual energies of 
the people. 

The mode of action in the case of railway extension, was 
characteristic and national. ‘The execution of the new lines 
was undertaken entirely by joint-stock associations of 
proprictors, after the manner of the Stockton and Darling- 
ton, and Liverpool and Manchester companies. These 
associations are conformable to our national habits, and fit 
well into our system of laws. They combine the power of 
vast resources with individual watchfulness and motives of 
self-intcrest; and by their means gigantic undertakings, 
which otherwise would be impossible to any but kings and 
empcrors with great national resources at command, were 
carried out by the co-operation of private persons. And 
the results of this combination of means and of enterprise 
have been truly marvellous. Within the life of the present 
generation, the private citizens of England engaged in 
railway extension have, in the face of Government obstruct- 
tions, and without taking a penny from the public purse, 
executed a system of communications involving works of 
the most gigantic kind, which, in their total mass, their 
cost, and their public utility, far exceed the most famous 
national undertakings of any age or country. 

Mr. Stephenson was of course, actively engaged in the 
construction of the numerous railways now projected by the 
joint-stock companics. ‘The desire for railway extension 
principally pervaded the manufacturing districts, especially 
after the successful opening of the Liverpool and Manchester 
line. The commercial classes of the larger towns soon be- 
came eager for a participation in the good which they had 
so recently derided. Railyay projects were set on foot in 
great numbers, and Manchester became a centre from which 
main lines and branches were started in all directions. The 
interest, however, which attaches to these later schemes 1s 
of a much less absorbing kind than that which belongs to 
the earlier history of the railway and the steps by which it 
was mainly established. We naturally sympathise more 
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keenly with the early struggles of a great principle, its 
trials and its difficulties, than with its after stages of suc- 
cess; and, however gratified and astonished we may be at 
its consequences, the interest 1s in a great measure gonc 
when its triumph has become a matter of certainty. 

The commercial results of the Liverpool and Manchester 
line were s0 satisfactory, and indeed so greatly exceeded 
the expectations of its projectors, that many of the aban- 
doned projects of the speculative year 1825 were forthwith 
revived. An abundant crop of engineers sprang up, ready 
to execute railways of any extent. Now that the Liverpool 
and Manchester line had been made, and the practicability 
of working it by locomotive power had been proved, it was 
as easy for engineers to‘make railways and to work them, 
as it was for navigators to find America after Columbus had 
made the first voyage. Mr. Francis Giles attached himself 
to the Newcastle and Carlisle and London and Southampton 
projects. Mr. Brunel appeared as engincer of the line pro- 
jected between London and Bristol; and Mr. Braithwaite, 
the builder of the “Novelty” engine, acted in the same 
capacity for a railway from London to Colchester. 

The first lines constructed subsequent to the opening of 
the Liverpool and Manchester Railway, were mostly in con- 
nection with it, and principally in the county of Lancaster. 
‘Thus a branch was formed from Bolton to Leigh, and ano- 
ther from Leigh to Kenyon, where it formed a junction 
with the main line between Liverpool and Manchester. 
Branches to Wigan on the north, and to Runcorn Gap and 
Warrington on the south of the same line, were also formed. 
A continuation of the latter, as far south as Birmingham, 
was shortly after projected under the name of the Grand 
Junction Railway. 

The last mentioned line was projected as early as the 
year 1824, when the Liverpool and Manchester scheme was 
under discussion, and Mr. Stephenson then published a 
report on the subject. The plans were deposited, but the 
hill was thrown out through the opposition of the landowners 
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and canal proprietors. When cngaged in making the sur- 
vey, Stephenson called upon some of the landowners in 
the neighbourhood of Nantwich to obtain their assent, and 
was greatly disgusted to learn that the agents of the 
canal companies had been before him, and described the 
locomotive to the farmers as a most frightful machine, emit- 
ting a breath as poisonous as the fabled dragon of old; and 
telling them that if a bird flew over the district where one 
of these engines passed, it would inevitably drop down 
dead! The apptication for the bill was renewed in 1826, 
and again failed; and at length 1t was determined to wait 
the issue of the Liverpool and Manchester experiment. The 
act was eventually obtained in 1833. 

When it was proposed to extend the advantages of rail- 
ways to the population of the midland and southern coun- 
ties of England, an immense amount of alarm was created 
in the minds of the country gentlemen. They did not 
relish the idea of private individuals, principally resident in 
the manufacturing districts, invading their domains; and 
they everywhere rose up in arms against the “ new-fangled 
roads.” Colonel Sibthorpe openly declared his hatred of 
the “infernal railroads,” and said that he “would rather 
meet a highwayman, or see a burglar on his premises, than 
an engineer!” ‘The impression which prevailed in the 
rural districts was, that fox-covers and game-preserves 
would be seriously prejudiced by the formation of railroads ; 
that agricultural communications would be destroyed, land 
thrown out of cultivation, landowners and farmers re- 
duced to beggary, the poor-rates increased through the 
number of persons thrown out of employment by the 
railways,—and all this in order that Liverpool, Man- 
chester, and Birmingham shopkeepers and manufacturers 
might establish a monstrous monopoly in railway traffic. 

The inhabitants of even some of the large towns were 
thrown into a state of consternation by the proposal to pro- 
vide them with the accommodation of a railway. The line 
from London to Birmingham would naturally have passed 
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close to the handsome town of Northampton, and was so 
projected ; but the inhabitants of the shire, urged on by 
the local press, and excited by men of influence and educa- 
tion, opposed the project, and succeeded in forcing the pro- 
moters, in their survey of the line, to pass the town at a 
distance. When the first railway through Kent was 
projected, the line, was laid out su as to pass by Maid- 
stone, the county town. But it had not a single supporter 
amongst the townspeople, whilst the landowners for many 
miles round combined to oppose it. In hke manner, the 
line projected from London to Bristol was strongly de- 
nounced by the inhabitants of the intermediate districts ; 
and when the first bill was thrown out, Eton assembled 
under the presidency of the Marquis of Chandos to con- 
gratulate the country upon its defeat. 

During the time that the works of the Liverpool and 
Manchester line were in progress, our engineer was con- 
sulted respecting a short railway proposed to be formed be- 
tween Leicester and Swannington, for the purpose of open- 
ing up @ communication between the town of Leicester and 
the coal-fields in the western part of the county. ‘T'he pro- 
jector of this undertaking had some difficulty in getting the 
requisite capital subscribed for, the Leicester townspcople 
who had money being for the most part interested in 
canals. George Stephenson was invited to come upon the 
ground and survey the line. He did so, and then the 
projector told him of the difficulty he had in finding sub- 
scribers to the concern. “Give me a sheet,” said Stephen- 
son, “and I will raise the money for you in Juiverpool.” 
The engineer was as good as his word, and in a short time 
the sheet was returned with the subscription complete. Mr. 
Stephenson was then asked to undertake the office of en- 
gineer for the line, but his answer was that he had thirty 
miles of railway in hand, which were enough for any en- 
gineer to attend to properly. Was there any person he 
could recommend? “Well,” said he, “I think my son 
Robert is competent to undertake the thing.” Would Mr. 
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Stephenson be answerable for him? “Oh, yes, certainly.” 
And Robert Stephenson, at twenty-seven years of age, was 
installed engineer of the line accordingly. 

The requisite Parliamentary powcrs having been ob- 
tained, Robert Stephenson proceeded with the construction 
of tho railway, about 16 miles in length, towards the end 
of 1830. The works were comparatively easy, excepting at 
the Leicester end, where the young engincer encountered 
his first stiff bit of tunnelling. The line passed under- 
ground for 1? mile, and 500 yards of its course lay in 
loose dry running sand. ‘The presence of this material ren- 
dered it necessary for the engincer first to construct a 
wooden tunnel to support the soil while the brickwork was 
being executed. This proved sufficient, and the whole was 

brought to a successful termi- 

nation within a reasonable 

time. While the works were 

in progress, Robert kept up 

a regular correspondence with 

his father at Liverpool, con- 

sulting him on all points in 

which his greater experience 

‘a was hkely to be of service. 
- Like his father, Robert was 


that the very observant, and always 
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a coal-viewer and practical geologist suggested to his mind 
that coal was most probably to be found underneath. He 
communicated his views to his father on the subject. The 
estate lay in the immediate neighbourhood of the railway ; 
and if the conjecture proved correct, the finding of cval 
would necessarily greatly enhance its value. He accord- 
ingly requested his father to come over to Snibston and 
look at the property, which he did; and after a careful in- 
spection of the ground, he arrived at the same conclusion 
as his son. ° 

The large manufacturing town of Leicester, about four. 
teen miles distant, had up to that time been exclusively 
supplied with coal brought by canal from Derbyshire ; and 
Mr. Stephenson saw that the railway under construction 
from Swannington to Leicester, would furnish him with a 
ready market for any coals which he might find at Snib- 
ston. Laving induced two of his Liverpool friends to joi 
him in the venture, the Snibston estate was purchased in 
1831: and shortly after, Stephenson removed his home 
from Liverpool to Alton Grange, for the purpose of super- 
intending the sinking of the pit. He travelled thither by 
vig with his wife,—his favourite horse “ Bobby” perform- 
ing the journcy by easy stages. 

Sinking operations were immediately begun, and pro- 
ceeded satisfactorily until the old enemy, water, burst in 
upon the workmen, and threatened to drown them out. 
But by means of efficient pumping-engines, and the skilful 
casing of the shaft with segments of cast-iron—a process 
called “tubbing,” * which Mr. Stephenson was the first to 
adopt in the Midland Counties—it was eventually made 
water-tight, and the sinking proceeded. When a depth of 





* Tubbing is now adopted in 
many cases as a substitute for 
brick-walling. The tubbing con- 
sists of short portions of cast-iron 
cylinder fixed in segments. Each 
weighs about 44 cwt., is about 3 or 


| £ feet long, and about § of an inch 


thick. These pieces are fitted 
closely together, length under 
length, and form an impermeable 
wall along the side of the pit. 
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166 feet had been reached, a still more formidable difficulty 
presented itself—one which had baffled former sinkers in 
the neighbourhood, and deterred them from further opera- 
tions. This was a remarkable bed of whinstone or green- 
stone, which had originally been poured out as a sheet of 
burning lava over the denuded surface of the coal measures ; 
indeed it was afterwards found that it had turned to cinders 
one part of the seam of coal with which it had come in 
contact. The appearance of this bed of solid rock was so 
unusual a circumstance in coal mining, that some expe- 
rienced sinkers urged Stephenson to proceed no further, 
believing the occurrence of the dyke at that point to be 
ultogether fatal to his enterprise. But, with his faith still 
firm in the existence of coal underheath, he fell back on 
his old motto of “Persevere.” He determined to go on 
boring; and down through the solid rock he went until, 
twenty-two fect lower, he came upon the coal measures. 
In the mean time, however, Jest the boring at that point 
should prove unsuccessful, he had commenced sinking: 
another pair of shafts about a quarter of a mile west of 
the “fault ;” and after about nine months’ labour he reached 
the principal seam, called the “main coal.” 

Tho works were then opened out on a large scale, and 
Mr. Stephenson had the pleasure and good fortune to send 
the first train of main coal to Leicester by railway. The 
price was immediatcly reduced to about 8s. a ton, effecting 
a pecuniary saving to the inhabitants of the town of about 
40,0001. per annum, or equivalent to the whole amount then 
collected in Government taxes and local rates, besides giving 
an impetus to the manufacturing prosperity of the place, 
which has continued down to the present day. The correct 
principles upon which the mining operations at Snibston 
were conducted offered a salutary example to the neigh- 
bouring colliery owners. The numerous improvements 
there introduced were freely exhibited to all, and they were 
afterwards reproduced in many forms all over the Midland 
Counties, greatly to the advantage of the mining interest 
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Nor was Mr. Stephenson less attentive to the comfort 
and well-being of those immediately dependent upon him 
—the workpcople of the Snibston colliery and their families. 
Unlike many of those large employers who have “sprung 
from the ranks,” he was one of the kindest and most in- 
dulgent of masters. THe would have a fair day’s work for a 
fair day’s wages; but he never forgot that the employer 
had his duties as well as hisrights First of all, he attended 
to the proper home accommodation of his workpeople. He 
erected a village of comfortable cottages, each provided. 
with a snug little garden. He was also instrumental in 
erecting a church adjacent to the works, as well as Church 
schools for the education of the colliers’ children; and with 
that broad catholicity of sentiment which distinguished 
him, he further provided a chapel and a school-house for 
the use of the Dissenting portion of the colliers and their 
familics—an example of benevolent liberality which was 
not without a salutary influence upon the neighbouring 
employers. 





Stephenson’s House at Alton Grange. 
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CHAPTER XIII. 


RosERt STEPHENSON CONSTRUCTS THE LONDON AND 
Birmineuwam RaAruway. 


Or the numerous oxtensive projects which followed close 
upon the completion of the Liverpool and Manchester line, 
and the Locomotive triumph at Rainhill, that of a railway 
between London and Birmingham was the most important. 
The scheme originated at the latter plaée in 1830. '‘T'wo 
committees were formed, and two’ plans were proposed. 
One was of a line to London by way of Oxford, and the 
other by way of Coventry. ‘The simple object of the pro- 
motors of both’ schemes being to secure the advantages of 
railway communication with the metropolis, they wisely 
determined to combine their strength to secure it. They 
then resolved to call George Stephenson to their aid, and 
requested him to advise them as to the two schemes which 
were before them. After a careful examination of the 
courtry, Mr. Stephenson reported in favour of the Coventry 
route, when the Lancashire gentlemen, who were the prin- 
cipal subscribers to the project, having every confidence in 
his judgment, supported his decision, and the line recom- 
mended by him was adopted accordingly. 

At the mccting of the promoters held at Birmingham 
to determine on the appointment of the engineer for the 
railway, there was a strong party in favour of associating 
with Mr. Stephenson a gentleman ‘with whom he had been 
brought into serious collision in éhe:course of the Liverpool 
and Manchester undertaking. When the offer was made to 
him that he should be joint engineer with the other, he 
requested leave to retire and consider the proposal with his 
son. The father was in favour of accepting it. His struggle 
heretofore had been so hard, that he could not bear the 
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idea of missing so promising an opportunity of professional] 
advancement. But the son, foreseeing the jealousics and 
heartburnings which the joint engineership would most 
probably create, recommended his father to decline the con- 
nection. George adopted the suggestion, and returning to 
the Committee, he announced to them his decision; on 
which the promoters decided to appoint him the engineer 
of the undertaking in conjunction with his son. 

This line, ike the Liverpool and Manchester, was very 
strongly opposed, especially by the landowners. Numerous 
pamphlets were published, calling on the public to “ beware 
of the bubbles,” and holding up the promoters of railways to 
ridicule. They were compared to St. John Long and similar 
quacks, and pronounced fitter for Bedlam than to be left at 
large. The canal proprietors, landowners, and road trustees, 
made common cause against them. The failure of railways 
was confidently predicted—indeed, it was elaborately at- 
tempted to be proved that they had failed; and it was in- 
dustriously spread abroad that the locomotive engines, having 
been found useless and highly dangerous on the Liverpool 
and Manchester line, were immediately to be abandoned in 
favour of horses—a rumour which the directors of the Com- 
pany thought it necessary publicly to contradict. 

Public meetings were held in all the counties through 
which the line would pass between London and Birming- 
ham, at which the project was denounced, and strong 
resolutions against it were passed. The attempt was made 
to conciliate the Jandlords by explanations, but all such 
efforts proved futile, the owners of nearly seven-eighths of 
the land being returned as dissentients. “1 remember,” 
said Robert Stephenson, describing the opposition, “that 
we called one day on Sir Astley Cooper, the eminent sur- 
gcon, in the hope of overcoming his aversion to the railway. 
He was one of our most inveterate and influential opponents. 
His country house at Berkhampstead was situated near the 
intended line, which passed through part of his property. 
We found a courtly, fine-looking old gentleman, of very 
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stately manners, who received us kindly and heard all we 
had to say in favour of the project. But he was quite 
inflexible in his opposition to it. No deviation or improve- 
ment that we could suggest had any effect in conciliating 
him. He was opposed to railways generally, and to this in 
particular. ‘ Your scheme,’ said he, ‘is preposterous in the 
extreme. It is of so extravagant a character, as to be posi- 
tively absurd. Then look at the recklessness of your pro- 
ceedings! You are proposing to cut up our estates in all 
directions for the purpose of making an unnecessary road. 
Do you think for*one moment of the destruction of property 
involved by it? Why, gentlemen, if this sort of thing be 
permitted to go on, you will in a very few years destroy the 
noblesse /’ We left the honourable baronet without having 
produced the slightest effect upon him, excepting perhaps, it 
night be, increased exasperation against our scheme. 1 
could not help observing to my companions as we left the 
house, ‘ Well, it is really provoking to find one who has 
been made a “Sir” for cutting that wen out of George the 
Iourth’s neck, charging us with contemplating the destruc 
tion of the noblesse, because we propose to confer upon him 
the benefits of a railroad.’ ” 

Such being the opposition of the owners of land, it was 
with the greatest difficulty that an accurate survey of the 
line could be made. At one point the vigilance of the 
landowners and their servants was such, that the surveyors 
were effectually prevented taking the levels by the light of 
day; and it was only at length accomplished at night by 
me os of dark lanterns. There was one clergyman, who 
made such alarming demonstrations of his opposition, that 
the extraordinary expedient was resorted to of surveying 
his property during the time he was engaged in the pulpit. 
This was managed by having*a strong force of surveyors 
in readiness to commence their operations, who entered the 
clergyman’s grounds on one side the moment they saw him 
fairly off them on the other. By a well-organised and 
systematic arrangement each man concluded his allotted 
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task just as the reverend gentleman concluded his sermon ; 
s0 that, before he left the church, the deed was done, and 
the sinners had all decamped. Similar opposition was 
offered at many other points, but ineffectually. The labo- 
rious application of Robert Stephenson was such, that in 
examining the country to ascertain the best line, he walked 
the whole distance between London and Birmingham 
upwards of twenty times. 

When the bil went before the Committee of the Commons 
in 1832, a formidable array of evidence was produced. All 
the railway experience of the day was brought to bear in 
support of the measure, and all that interested opposition 
could do was set in motion against it. The necessity for an 
improved mode of cecmmunication between London and 
Birmingham was clearly demonstrated ; and the engineering 
evidence was regarded as quite satisfactory. Not a single 
fact was proved against the utility of the measure, and the 
bill passed the Committee, and afterwards the third reading 
in the Commons, by large majorities. 

It was then sent to the Lords, and went into Committee, 
when a similar mass of testimony was again gone through. 
But it had been evident, from the opening of the pro- 
ceedings, that the fate of the bill had been determined 
before even a word of tle evidence had been heard. 
At that time the committees were open to all peers; 
and the promoters of the bill found, to their dismay, 
many of the lords who were avowed opponents of the 
measure a8 landowners, sitting as judges to decide its fate. 
Their principal object seemed to be, to bring the proceedings 
to a termination as quickly as possible. An attempt at 
negociation was indeed made in the course of the proceed- 
ings in committee, but failed, and the bill was thrown out. 

As the result had been foreseen, measures were taken to 
neutralise the effect of this decision as regarded future 
vperations. Not less than 32,000/. had been expended in 
preliminary and parliamentary expenses up to this stage: 
hut the promoters determined not to look back, and forth- 
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with made arrangements for prosecuting the bill in the next 
session. Strange to say, the bill then passed both Houses 
silently and almost without opposition, The mystery was 
aftorwards solved by the appearance of a circular issued by 
the directors of the company, in which it was stated, that 
they had opened “ negociations”” with the most influential 
of their opponents; that “these measures had been suc- 
cessful to a greater extent than they had ventured to 
anticipate; and the most active and formidable had been 
conciliated.” Ansinstructive commentary on the mode by 
which these noble lords and influential landed proprietors 
had been “conciliated,” was the simple fact that the 
estimate for land was nearly trebled, and that the owners 
were paid about 750,000l. for what had been originally 
estimated at 250,000/. 

The landowners having thus been “conciliated,” the 
promoters of the measure were permitted to proceed with 
the formation of their great highway. Robert Stephenson 
was, with the sanction of his father, appointed sole engineer ; 
and steps were at once taken by him to make the working 
survey, to prepare the working drawings, and arrange for 
the construction of the railway. Eighty miles of the road 
were shortly under contract; having been let within the 
estimates; and the works were in satisfactory progress by 
the beginning of 1834. 

The difficulties encountered in their construction were 
very great; the most formidable of them originating in the 
character of the works themselves. Extensive tunnels had 
to be driven through unknown strata, and miles of under- 
ground excavation had to be carried out in order to form a 
level road from valley to valley, under the intervening 
ridges. This kind of work was the newest of all to the 
contractors of that day. Robert Stephenson's experience in 
the collieries of the North rendered him well fitted to 
grapple with such difficulties; yet even he, with all his 
practical knowledge, could scarcely have forseen the serious 
cbstacles which he was called upon to encounter in executing 
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the formidable cuttings, embankments, 
and tunnels of the London and Bir- 
mingham Railway. It would be an 
uinteresting, as it would bea fruitless 
task, to attempt to describe the works 
in detail; but a general outline of 
their extraordinary character and ex- 
tent may not be out of place. 

The length of railway to be con- 
structed between London and Bir- 
ningham was 1124 niles. The line 
crossed a serics of low-lying districts 
separated from cach other by consi- 
derable ridges of hills; and it was the 
object. of the engineer to cross the 
valleys at as high, and tho Inlls at as 
low, clevations as possible. The high 
ground was therefore cut down and 
the “stuff” led into embankments, in 
some places of great height and extent, 
so as to form a road upon as level a 
plane as was considered practicable 
for the working of the locomotive en- 


¥ gine. In some places, the high grounds 


were passed in open cuttings, whilst 
in others it was necessary to bore 
through them in tunnels. with deep 
cuttings at cach end. 

The most formidable excavations 
on the line are those at Tring, Den- 
bigh Hall, and Blisworth. The Tring 
cutting is an immense chasm across the 
great chalk ridge of Ivinghoe. It is 24 
miles long, and for } of a mile 18 57 feet 
deep. A million and a half cubic yards 
of chalk and earth were taken out of 
this cutting by means of horse-runs and 
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deposited in spoil banks; besides the immense quantity run 
into the embankment north of the cutting, forming a solid 
mound nearly 6 miles lopg and about 30 feet high.  Pass- 
ing over the Denbigh Hall cutting, and the Wolverton 
gnbankment of 14 mile in length across the valley of the 
Ouse, we come to the excavation at Blisworth, a brief 
deseription of which will give the reader an idea of one of 
the most difficult kinds of railway work. 

Lhe Busworth Cutting is one of the longest and deepest 
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Bliow ortis Cutting, 


grooves cut in the solid carth. It is 14 mile long, in some 

places 65 fect deep, passing through earth, stiff clay, and 

hard rock. Not less than a million cubic yards of these 

materials were dug, quarried, and blasted out of it. One- 

third of the cutting was stone, and beneath the stone lay a 
“ R2 
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thick bed of clay, under which were found beds of loose 
shale so full of water that almost constant pumping was 
necessary at many points to enable the works to proceed. 
For a year and a half the contractor went on fruitlessly 
contending with these difficulties, and at length he was 
compelled to abandon the adventure. The engineer then 
took the works in hand for the Company, and they were 
vigorously proceeded with. Steam-cngines were set to work 
to pump out the water; two locomotives were put on, one 
at each end of the cutting, to drag away the excavated rock 
and clay; and 800 men and boys were employed along the 
work, in digging, wheeling, and blasting, besides a large 
number of horses. Some idea of the extent of the blasting 
operations may be formed from the fact that 25 barrels of 
gunpowder were used weckly; the total quantity exploded 
in forming this one cutting being about 3,000 barrels. Con- 
siderable difficulty was experienced in supporting the bed 
of rock cut through, which overlaid the clay and shale along 
-each side of the cutting. It was found necessary to hold 
it up by strong retaining walls, to prevent the clay bed 
from bulging out, and these walls were further supported 
by a strong invert,—that is, an arch placed in an inverted 
position under the road,—thus binding together the walls 
on both sides. Behind the retaining walls, a drift or hori- 
zontal drain was provided to enable tho water to run off, 
and occasional openings were left in the walls themselves 
for the same purpose. The work was at length brought tu 
a successful completion, but the extraordinary difficulties 
encountered in forming the cutting had the effect of greatly 
increasing the cost of this portion of the railway. 

The Tunnels on the line are eight in number, their total 
length being 7336 yards. The first high ground encoun- 
tered was Primrose Hill, where the stiff London clay was 
passed through for a distance of about 1164 yards. The 
clay was close, compact, and dry, more difficult to work 
than stone itself. It was entirely free from water; but the 
absorbing properties of the clay were such that when ex. 
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posed to the air it swelled out rapidly. Hence an unusual 
thickness of brick lining was found necessary ; and the en- 
vineer afterwards informed the author that for some time 
he entertained an apprehension lest the pressure should 
force in the brickwork altogether. It was so great that it 
made the face of the bricks to fly off in minute chips which 
covered his clothes whilst he was inspecting the work. The 
materials used in the building were, however, of excellent 
quality ; and the tunnel was happily brought to a completion 
without any accident. 

At Watford the chalk ridge was penetrated by a tunnel 
about 1800 yards long ; and at Northchurch, Lindslade, and 
Stowe Hill, there were other tunnels of minor extent. But 
the chicf difficulty of the undertaking was the execution of 
that under the Kilsby ridge. Though not the largest, this 
is in many respects one of the most interesting works of 
the kind in England. It is about 2400 yards long, and 
runs at an average depth of about 160 feet below the sur- 
face. The ridge under which it extends is of: considerable 
extent, the famous battle of Naseby having been fought 
upon one of the spurs of the same high ground about seven 
miles to the eastward. 

Previous to the letting of the contract, the character of 
the underground soil was examined by trial-shafts. The 
tests indicated that it consisted of shale of the lower oolite, 
and the works were let accordingly. But they had scarcely 
been commenced when it was discovered that, at an inter- 
val between the two trial-shafts which had been sunk, about 
200 yards from the south end of the tunnel, there existed 
an extensive quicksand under a bed of clay 40 feet thick, 
which the borings had escaped in the most singular manner. 
At the bottom of one of these shafts the excavaticn and 
building of the tunnel were proceeding, when the roof at 
one part suddenly gave way, a deluge of water burst in, and 
the party of workmen with the utmost difficulty escaped 
with their lives. They were only saved by means of a raft, 
on which they were towed by one of the engineers swin- 
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The Shafts over Kilsby Tunnel 


ming with the rope in his mouth to the lower end of the 
shaft, out of which they were safely lifted to the daylight. 
The works were of course at that point immediately stopped. 
The contractor, who had undertaken the construction of 
the tunnel, was so overwhelmed by the calamity, that, 
though he was relieved by the Company from his engage- 
ment, he took to his bed and shortly after died. Pumping- 
engines were then erected for the purpose of draining off 
the water, but for a long time it prevailed, and sometimes 
even rose in the shaft. The question then presented itsclf, 
whether in the face of so formidable a difficulty, the works 
should be proceeded with or abandoned. Robert Stephen- 
son sent over to Alton Grange for his father, and the two 
took serious counsel together. George was in favour of 
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pumping out the water from the top by powerful engines 
erected over each shaft, until the water was mastered. 
Robert concurred in that view, and although other en- 
gincers pronounced strongly against the practicability of 
the scheme and advised its abandonment, the directors an- 
thorised him to proceed; and powerful steam-engines were 
ordered to be constructed and dclivered without loss of time. 

In the mean time, Robert suggested to his father the 
expedicney of running a drift along the heading from 
the south end of the tunnel, with the view of draining 
off the water in*that way. George said he thought it 
would scarcely answer, but that it was worth a trial, at all 
events until the pumping-engines were got ready. Robert 
accordingly gave orders for the drift to be proceeded with. 
The excavators were immediately set to work; and they 
were very soon close upon the sand bed. One day, when 
the engineer, his assistants, and the workmen were clustered 
avbout the open entrance of the drift-way, they heard a sudden 
roar as of distant thunder. It was hoped that the water 
had burst in—for all the workmen were out of the drift,— 
and that the sand bed would now drain itself off in a natu- 
ral way. Instead of which, very little water made its 
appearance ; and on examining the inner end of the drift, 
it was found that the loud noise had been caused by the 
sudden discharge into it of an immense mass of sand, which 
had completely choked up the passage, and prevented the 
water from flowing away. 

The engineer now found that there was nothing for it 
but to sink numerous additional shafts over the line of the 
tunnel at the points at which it crossed the quicksand, and 
endeavour to master the water by shcer force of engines 
and pumps. The engines erected, possessed an aggregate 
power of 160 horses; and they went on pumping for eight 
successive months, emptying out an almost incredible quan- 
tity of water. It was found that the water, with which the 
bed of sand extending over many miles w4s charged, was 
to a certain degree held back by the particles of the sand 
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itself, and that it could only percolate through at a certain 
average rate. It appeared in its flow to take a slanting 
direction to the suction of the pumps, the angle of inclina- 
tion depending upon the coarseness or fineness of the sand, 
and regulating the time of the flow. Hence the distribu- 
tion of the pumping power at short intervals along the line 
of the tunnel had a much greater effect than the concentra- 
tion of that power at any one spot. It soon appeared that the 
water had tuund its master. Protected by the pumps, which 
cleared a space for the engineering operations—carried on 
in the midst, as it were, of two almost perpendicular walls 
of water and sand on either side—the workmen procecded 
with the building of the tunnel at numerous points. Every 
exertion was used to wall in the dangerous parts as quickly 
as possible ; the excavators and bricklayers labouring night 
and day until the work was finished. Even while under 
the protection of the immense pumping power above de- 
scribed, it often happened that the bricks were scarcely 
covered with cement ready for the setting, ere they were 
washed quite clean by the streams of water which poured 
from overhead. The men were accordingly undcr the 
necessity of holding over their work large whisks of straw 
and other appliances to protect the bricks and cement at 
the moment of setting. 

The quantity of water pumped out of the sand bed during 
eight months of incessant pumping, averaged 2,000 gallons 
per minute, raised from an average depth of 120 feet. It 
is difficult to form an adequate idea of the bulk of the water 
thus raised, but it may be stated that if allowed to flow 
for three hours only, it would fill a lake one acre square to 
the depth of one foot, and if allowed to flow for one entire 
day it would fill the lake to over eight feet in depth, or 
sufficient to float vessels of 100 tons’ burthen. The water 
pumped out of the tunnel while the work was in progress 
would be nearly equivalent to the contents of ‘the Thames 
at high water,-between London and Woolwich. It is a 
curious circumstance, that notwithstanding the quantity 
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thus removed, the level of the surface of the water in the 
tunnel was only lowered about 24 to 3 inches per week, 
proving the vast area of the quicksand, which probably 
extended along the entire ridge of aoe under which the 
railway passed. 

The cost of the line was greatly renee by the diffi- 
culties encountered at Kilsby. The original estimate for 
the tunnel was only 99,0001.; but before it was finished it 
had cost more than 1001. per lineal yard forward, or a total 
of nearly 300,0001. The expenditure on the other parts of 
the line also greatly exceeded the amount first sect down by 
the engineer; and before the works were finished it was 
more than doubled. ‘The land cost three times more than 
the estimate ; and the claims for campensation were enor- 
mous. Although the contracts were let within the esti- 
mates, very few of the contractors were able to complete them 
without the assistance of the Company, and many became 
bankrupt. 

The magnitude of the works, which were unprecedented 
in England, was one of the most remarkable features in the 
undertaking. The following striking comparison has been 
made between this railway and one of the greatest works of 
ancient times. The Great Pyramid of Egypt was, according 
to Diodorus Siculus, constructed by 300,000—according to 
Herodotus, by 100,000—men. It required for its execution 
twenty years, and the labour expended upon it has been 
estimated as equivalent to lifting 15,733,000,000 of cubic 
feet of stone one foot high. Whereas, if the labour ex- 
pended in constructing the London and Birmingham Rail- 
way be in like manner reduced to one common denomination 
the result is 25,000,000,000 of cubic feet more than was 
lifted for the Great Pyramid; and yet the English work 
was performed by about 20,000.men in less than five years. 
And whilst the Egyptian work was executed by a powerful 
monarch concentrating upon it the labour and capital of a 
great nation, the English railway was constructed, in the 
face of every conceivable obstruction and difficulty, by a 
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company of private individuals out of their own resources, 
without the aid of Government or the contribution of one 
farthing of public money. 

The labourers who executed this formidable work were 
in many respects a remarkable class. The “railway nav- 
vies,” as they are called, were men drawn by the attrac- 
tion of good wages from all parts of the kingdom; and 
they were ready for any sort of hard work. Some of the 
best came from the fen districts of Lincoln and Cambridve, 
where they had been trained to execute works of excava- 
tion and embankment. ‘These old pracfitioners formed a 
nucleus of skilled manipulation and aptitude, which ren- 
dered them of indispensable utility in the immense under- 
takings of the period. Their expertness in all sorts of 
earthwork, in cmbanking, boring, and well-sinking—their 
practical knowledge of the nature of soils and rocks, the 
tenacity of clays, and the porosity of certain stratifications 
—were very great; and, rongh-looking though they were, 
many of them were as important in their own department 
as the contractor or the engineer. 

During the railway-making period the navvy wandered 
about from one public work to another—apparently be- 
longing to no country and having no home. He usually 
wore a white felt hat with the brim turned up, a vel- 
veteen or jean square-tailed coat, a scarlet plush waist- 
coat with little black spots, and a bright-coloured kerchief 
round his herculean neck, when, as often happened, it was 
not left entirely bare. His corduroy breeches were retained 
in position by a leathern strap round the waist, and were tied 
and buttoned at the knee, displaying bencath a solid calf 
and foot encased in strong high-laced boots. Joining 
together in a “butty gang,” some ten or twelve of these 
men would take a contract to cut out and remove so much 
“dirt”—as they denominated earth-cutting—fixing their 
price according to the character of the “stuff,” and the 
distance to which it had to be wheeled and tipped. The 
contract taken, every nan put himselfon his mettle; if any 





= 


CHar XII, THE RAILWAY NAVVIES. 251 


was found skulking, or not putting forth his fall working 


power, he was ejected from the gang. Their powers of 
endurance were extraordinary. In times of emergency they 
would work for 12 and even 16 hours, with only short 
intervals for meals. The quantity of Aesh-meat which they 
consumed was something enormous; but it was to their 
pones and muscles what coke is to the locumotive—the 
means of keeping up the steam. They displayed great 
pluck, and seemed to disregard peril. Indeed the most 
dangerous sort of labour—such as working horse-barrow 
runs, in which atcidents are of constant occurrence—has 
always been most m request amongst them, the danger 
seeming to be one of its chief recommendations. 

Working, eating, drinking, and.slecping together, and 
daily exposed to the same influences, these railway labourers 
soon presented a distinct and well-defined character, 
strongly marking them from the population of the districts 
m which they laboured. Reckless alike of their lives as of 
their carnings, the navvies worked hard and lived hard. 
For their lodging, a hut of turf would content them; and, 
in their hours of leisure, the meanest public-house would serve 
for their parlour. Unburdened, as they usually were, by 
domestic ties, unsoftened by family affection, and without 
much moral or religious training, the navvies came to be 
distinguished by a sort of savage manners, which contrasted 
strangely with those of the surrounding population. Yet, 
ignorant and violent though they might be, they were 
usually good-hearted fellows in the main-—frank and open- 
handed with their comrades, and ready to share their last 
penny with those in distress. Their pay-nights were often 
a saturnalia of riot and disorder, dreaded by the inhabitants 
of the villages along the line of works. The irruption of 
such men into the quiet hamlet of Kilsby must, mdced, 
have produced a very startling effect on the recluse inhabi- 
tants of the place. Robert Stephenson used to tell a story 
of the clergyman of the parish waiting upon the foreman of 
one of the gangs to expostulate with him as to the shocking 
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impropriety of his men working during Sunday. But the 
head navvy merely hitched up his trousers, and said, “ Why, 
Soondays hain’t cropt out here yet!” In short, the navvies 
were little better than heathens, and the village of Kilsby 
was not restored to 1#3 wonted quict until the tunnel-works 
were finished, and the engines and scaffoldings removed, 
leaving only the immense masses of debris around the line 
of shafts which extend along the top of the tunnel. 

In illustration of the extraordinary working energy and 
powers of endurance of the Enghsh navvies, we may men- 
tion that when railway-making extended to France, the 
English contractors for the works took with them gangs of 
English navvies, with the usual plant, which included 
wheelbarrows. These the English navvy was accustomed to 
run out rapidly and continuously, piled so high with 
“stuff” that he could barely see, over the summit of his 
load, the gang-board along which he wheeled his barrow. 
While he thus easily ran out some 3 or 4 cwt. at a 
time, the French navvy was contented with half the 
weight. Indeed, the French navvies on one occasion struck 
work because df the size of the English barrows, and there 
was an é¢meute on the Rouen Railway, which was only 
quelled by the aid of the military. The consequence 
was that the big barrows were abandoned to the English 
workmen, who earned nearly double the wages of the 
Frenchmen. The manner in which they stood to their 
work was matter of great surprise and wonderment to the 
French countrypeople, who came crowding round them in 
their blouses, and, after gazing admiringly at their expert 
handling of the pick and mattock, and the immense loads of 
“dirt” which they wheeled out, would exclaim to each 
other, “ Mon Dieu, voila! voila ces Anglais, comme ils travail- 
lent |” 
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CHAPTER XIV. 


MANCHESTER AND reps, AND Mipianp Raruways — StTE- 
PHENSON ’S Lire at ALTON— Visit To BrLGrum — GENBRAL 
EXTENSION OF RAILWAYS AND THEIR RESULTS, 

- 


Tue rapidity with which railways were carried out, when 
the spirit of the country became roused, was indeed remark- 
able. This was doubtless In some,measure owing to the 
increased force of the current of speculation at the time, but 
chiefly to the desire which the public began to entertain for 
the general extension of the system. It was even proposed 
to fill up the canals, and convert them into railways. The 
new roads became the topic of conversation in all circles ; 
they were felt to give a new value to time; their vast 
capabilities for “business” peculiarly recommended them 
to the trading classes; whilst the friends of “progress” 
dilated on the great benefits they would eventually confer 
upon mankind at large. It began to be seen that Edward 
Pease had not been exaggerating when he said, “Let the 
country but make the railroads, and the railroads will 
make the country!” They also came to be regarded as 
inviting objects of investment to the thrifty, and a safe out- 
let for the accumulations of inert men of capital. Thus 
new avenues of iron road were svon in course of formation, 
branching in all directions, so that the country promised in 
a wonderfully short time to become wrapped in one vast 
network of iron. 

In 1836 the Grand Junction Railway was under construc- 
tion between Warrington and Birmingham—the northern 
part by Mr. Stephenson, and the southern by Mr. Rastrick. 
The works on that line embraced heavy cuttings, long 
embankments, and numerous viaducts; but none of these 
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The Dutton Viaduct, 


are worthy of any special description. Perhaps the finest 
piece of masonry on the railway is the Dutton Viaduct 
across the valley of the Weaver. It consists of twenty 
arches of 60 feet span, springing 16 feet from the perpendi- 
cular shaft of cach pier, and 60 feet m height from the 
crown of the arches to the level of the river. The founda- 
tions of the piers were built on piles driven 20 feet deep. 
The structure has a solid and majestic appearance, and is 
perhaps the finest of George Stephenson's viaducts. 

The Manchester and Leeds line was in progress at the 
same time—an important railway connecting the principal 
manufacturing towns of Yorkshire and Lancashire. An 
attempt was made to obtain the Act as carly as 1831; but 
its promoters were defeated by the powerful opposition of 
the landowners aided by the canal companies, and the pro- 
ject was not revived for several years. ‘The linc was some- 
what circuitous, and the works were heavy; but on the 
whole the gradients were favourable, and it had the advan- 
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tage of passing through a district full of manufactur- 
ing towns and villages, teeming hives of population, in- 
dustry, and enterprise. The Act authorising the coustruc- 
tion of the railway was obtained In 1806; it was greatly 
amended in the succeeding year, and the first ground was 
broken on the 18th August, 1437. 

In conducting this project to an issue, the engineer had 
the usual oppositiun and prejudices to encounter.  Predic- 
tions wero confidently made in many quarters that the line 
could never succeed. It was declared that the utmost 
engineering skill could not construct a railway through 
such a country of hills and hard rocks; and it was main- 
tained that, even if the railroad were practicable, it could 
only be made at a ruinous cost. 

During the progress of the works, as the Summit Tunnel, 
near Littleborough, was approaching completion, the ramour 
was spread abroad in Manchester that the tnnuel had fallen 
in and buried a number of the workmen. ‘The last arch had 
been keyed in, and the work was all but finished, when the 
accident occurred which was thus exaggerated by the lying 
tongue of rumour. An invert had given way through the 
irregular pressure of the surrounding earth and rock ata 
part of the tunnel where a “fault” had occurred in the 
strata. A party of the directors accompanied the engineer 
to inspect the scene of the accident. They entered the 
tunnel’s mouth preceded by upwards of fifty navvies, each 
hearing a torch. 

After walking a distance of about half a mile, the in- 
specting party arrived at the scene of the * frightful acci- 
dent,” about which so much alarm had been spread. All 
that was visible was a certain unevenness of the ground, 
which had been forced up by the invert under it giving 
way; thus the ballast had been ltosened, the drain running 
along the centre of the road had been displaced, and small 
povls of water stood about. But the whole of the walls and 
the roof were still as perfect as at any other part of the 
tunnel. The engineer explained the cause of the accident 
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Entrance to the Summit Tunnel, Littleborough. 


the blue shale, he said, through which the excavation 
passed at that point, was considered so hard and firm, as 
to render it unnecessary to build the invert very strong 
there. But shale is always a deceptive material. Subjected 
to the influence of the atmosphere, it gives but a treacherous 
support. In this case, falling away like quicklime, it had 
left the lip of the invert alone to support the pressure of the 
arch above, and hence its springing inwards and upwards. 
Mr. Stephenson directed the attention of the visitors to the 
completeness of the arch overhead, where not the slightest. 
fracture or yielding could be detected. Speaking of the 
work, in the course of the same day, he said, “I will stake 
my character and my head, if that tunnel ever give way, s0 
as to cause danger to any of the public passing through it. 
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Taking it as a wholo, I don’t think there is such another 
piece of workin the world. It is the greatest work that 
‘has yet been done of this.kind, and there has been less 
repairing than is usual,—though an engineer might well be 
beaten in his calculations, for he cannot beforehand sce into 
those little fractured parts of the earth he may meet with.” 
As Stephenson had promised, the invert was put in; and 
the tunnel was made perfectly safe. 

‘he construction of this subterrancan road employed the 
labour of above = thousand men for nearly four years. 
Besides excavating the arch out of a solid rock, they used 
23,000,000 of bricks, and 80QU0 tons of Roman cement in 
the building of the tunnel. Thirtcen stationary engines, 
and about 100 horses, were also employ ed in dr awing the 
earth and stone out of the shafts. Its entire length is 2869 
yards, or nearly 12 mile—exceeding the famous Kilsby 
Tunnel by 471 yards. 

The Midland Railway was a favourite line of Mr. Ste- 
phenson’s for several reasons. It passed through a rich 
mining district, in which it opened up many valuable coal- 
fields, and it formed part of the great main line of com- 
munication between Jondon and Edinburgh. The Act 
was obtained in 1836, and the first ground was broken in 
February, 1837. 

Although the Midland Railway was only one of the 
many great works of the same kind executed at that 
time, it was almost enough of itself to be the achievement 
of a life. Compare it, for example with Napoleon’s military 
road over the Simplon, and it will at once be seen how 
greatly it excels that work, not only in the constructive 
skill displayed in it, but also in its cost and magnitude, and 
the amount of labour employed in its formation. The road 
of the Simplon is 45 miles in length; the North Midland 
Railway is 724 miles. The former has 50 bridges and 5 
tunnels, measuring together 1338 fect in length; the latter 
has 200 bridges and 7 tunnels, measuring together 11,400 
feet, or about 24 miles. The former cost about 720,000. 

V. S 
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atering, the latter above 3,000,000. Napoleon’s grand 
military road was constructed in six years, at the publis 
cost of the two great kingdoms of France and Italy; while 
Stephenson's railway,,was formed in about three ycars, by 
a company of private merchants and capitalists out of their 
own funds, and under their own superintendence. 

It is scarcely necessary that we should give any account 
in detail of the North Midland works. The making of one 
turinel so much resembles the making of another,—the 
building of bridges and viaducts, no matter how extensive, 
so much resembles the building of others,—the cutting out 
of “dirt,” the blasting of rocks, and the wheeling of exca- 
vation into embankments, 1s so much a matter of mere 
tine and hard work,—that is quite unnecessary for us to 
detain the reader by any attempt at their description. Of 
course there were the usual difficulties to encounter and 
overcome,—but the railway engineer regarded these as 
mere matters of course, and would probably have been 
disappointed if they had not presented themselves. 

On the Midland, as on other lines, water was the great 
encmy to be fought against,—water in the Claycross and 
other tunnels,—water in the boggy or sandy foundations 
of bridges,—and water in cuttings and embankments. As 
an illustration of the difficulties of bridge building, we may 
mention the case of the five-arch bridge over the Derwent, 
where it took two years’ work, night and day, to get in the 
foundations of the piers alone. Another curious illustra- 
tion of the mischief done by water in cuttings may be 
briefly mentioned. Ata part of the North Midland Line, 
near Ambergate, it was necessary to pass along a hillside 
in a cutting a few yards deep. As the cutting proceeded, 
a seam of shale was cut across, lying at an inclination of 
6 to 1; and shortly after, the water getting behind the bed 
of shale, the whole mass of earth along the hill above began 
to move down across the line of excavation. The accident 
completely upset the estimates of the contractor, who, 
instead of 50,000 cubic yards, found that he had about 
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Land-slip on North Midland Linc, near Ambergate. 


500,000 to remove; the execution of this part of the rail- 
way occupying fifteen months instead of two. 

The Oakenshaw cutting near Wakeficld was also of a 
very formidable character. About 600,000 yards of rock 
shale and bind were quarried out of it, and led to form the 
adjoining Oakenshaw embankment. The Normanton cut- 
ting was almost as heavy, requiring the removal of 400,000 
yards of the same kind of excavation into embankment and 
spoil. But the progress of the works on the line was so 
rapid in 1839, that not less than 450,000 cubic yards of 
excavation were removed monthly. 


As a curiosity in construction, we may also mention a 
Ss 2 
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Bullbridge, near Ambergate. 


very delicate piece of work executed on the same railway 
at Bullbridge in Derbyshire, where the line at the same 
point passes over a bridge which here spans tho river 
Amber, and under the bed of the Cromford Canal. Water, 
bridge, railway, and canal, were thus piled one above the 
other, four stories high; such another curious complication 
probably not existing. In order to prevent the possibility 
of the waters of the canal breaking in upon the works of 
the railroad, Mr. Stephenson had an iron trough made, 150 
feet long, of the width of the canal, and exactly fitting the 
bottom. It-was brought to the spot in three pieces, which 
were firmly welded together, and the trough was then 
floated into its place and sunk; the whole operation being 
completed without in the least interfering with the naviga- 
tion of the canal. The railway works underneath were 
then proceeded with and finished. 


Cnap. XIV, QUICKNESS OF OBSERVATION. 261 


Another line of the same series constructed by George 
Stephenson, was the York and North Midland, extending 
from Normanton—a point on the Midland Railway—to 
York; but it was a line of easy formation, traversing 
comparatively level country. 

During the time that our engineer was engaged in 
superintending the execution of these undertakings, he was 
occupied upon other projected railways in various parts of 
the country. He surveyed several lines in the neighbour- 
hood of Glasgow, and afterwards routes along the east 
coast from Newcastle to Edinburgh, with the ‘view of com- 
pleting the main line of communication with London. 
When out on foot in the fields, on these occasions, he was 
ever furemcst in the march; and he delighted to test the 
prowess of his companions by a good jump at any hedge 
or ditch that lay m their way. His companions used to 
remark his singular quickness of observation. Nothing 
escaped his attention—the trees, the crops, the birds, or the 
farmer's stock ; and he was usually full of lively conversa- 
tion, everything in nature affording him an opportunity for 
making sume striking remark, or propounding some ingeni- 
ous theory. When taking a flying survey of a new line, his 
keen observation proved very useful to him, for he rapidly 
noted the general configuration of the country, and inferred 
its geological structure. He afterwards remarked to a 
friend, “1 have planned many a railway travelling along in 
a postchaise, and following the natural line of the country.” 
And it was remarkable that his first impressions of the 
direction to be taken almost invariably proved correct; and 
there are few of the lines surveyed and recommended by 
him which have not been executed, either during his life- 
time or since. As an illustratjon of his quick and shrewd 
observation on such occasions, we may mention that when 
employed to lay out a line to connect Manchester, through 
Macclesfield, with the Potteries, the gentleman who accom- 
panied him on the journcy of imspection cautioned him to 
provide large accommodation for carrying off the water, 
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observing —“ You must not judge by the appearance of the 
brooks ; for after heavy rains these hills pour down volumes 
of water, of which you can have no conception.” “ Puooh! 
pooh! don’t I see your bridges ?” replied the engineer. Ho 
had noted the details of each as he passed along. 

Among the other projects which occupied his attention 
about the same time, were the projected lines between 
Chester and Holyhead, between Leeds and Bradford, and 
between Lancaster and Maryport by the western coast. 
This latter was intended to form part of« west-coast line to 
Scotland; Stephenson favouring it partly because of the 
flatness of the gradients, and also because it could be formed 
at comparatively small cost, whilst it would open out a 
valuable iron-mining district, from which a large traffic in 
ironstone was expected. One of its collateral advantages, 
in the engineer’s opinion, was, that by forming the railway 
directly across Morecambe Bay, on the north-west coast of 
Lancashire, a large tract of valuable land might be re- 
claimed from the sea, the sale of which would considerably 
reduce the cost of the works. He estimated that by means 
of a solid embankment across the bay, not less than 
40,000 acres of rich alluvial land would be gained. He 
proposed to carry the road across the ten miles of sands 
which lic between Poulton, near Lancaster, and Humphrey 
Head on the opposite coast, forming the line in a segment 
of a circle of five miles’ radius. His plan was to drive in 
piles across the entire length, forming a solid fence of stone 
blocks on the land side for the purpose of retaining the sand 
and silt brought down by the rivers from the interior. The 
ernbankment would then be raised from time to time as the 
the deposit accumulated, until the land was filled up to 
high-water mark; provision being made by means of suffi- 
cient arches, for the flow of the river waters into the bay. 
The execution of the railway after this plan would, how. 
ever, have occupied more years than the promoters of the 
West Coast line were disposed to wait; and eventually Mr. 
Locke’s more direct but uneven line by Shap Fell was 
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adopted. A railway has since been carried across the head 
of the bay; and it is not improbable that Stephenson’s 
larger scheme of reclaiming the vast tract of land now left 
bare at each receding tide, may yet be carried out. 

While occupied in carrying out the great railway under- 
takings which we have above so briefly described, Mr. 
Stephonson’s home continued, for the greater part of tho 
time, to be at Alton Grange, near Leicester. But he was 
so much occupied in travelling about from one committee cf 
directors to another—one weck in England, another in 
Scotland, and prébably the next in Ireland,—that he often 
did not. see his home for weeks together. Fle had also to 
make frequent inspections of the various important and 
difficult works in progress, especially on the Midland and 
Manchester and Leeds lines; besides occasionally going to 
Newcastle to see how the locomotive works were going on 
there. During the three years ending in 1837—perhaps 
the busiest years of his life*—he travelled by postchaise 
alone upwards of 20,000 miles, and yet not less than six 
months out of the three years were spent in London. 
Hence there is comparatively little to record of Mr. Stephen- 
son's private life at this period; during which he had 
scarcely a moment that he could call his own. 

His correspondence increased so much, that he found it 
necessary to engage a private secretary, who accompanied 
kim on his journeys. Ile was himself exceedingly averse to 
writing letters. The comparatively advanced age at which 
he learnt the art of writing, and the nature of his duties 
while engaged at the Killingworth colliery, precluded that 
facility in correspondence which only constant practice can 


* During this period he was en- 
gaged on the North Midland, ex- 
tending from Derby to Leeds; the 
York and North Midland, from 
Normanton to York: the Manches- 
ter and Leeds; the Birmingham 
and Derby, and the Sheftield and 
Rotherham Railways; the whole 


of these, of which he was principal 
engineer, having been authorised 
in 1836. In that session alone, 
powers were obtained for the con- 
struction of 214 miles of new rail- 
ways under his direction, at an 
expenditure of upwards of five 
millions sterling. 
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give. He gradually, however, acquired great facility in 
dictation, and possessed the power of labouring continuously 
at this work; the gentleman who acted as his secretary in 
1835, having informed us that during his busy season he 
one day lictated not fewer than 37 letters, several of them 
embodying the results of much close thinking and calcula- 
tion. On another occasion, he dictated reports and letters 
for twelve continuous hours, until his secretary was ready to 
drop off his chair from sheer exhaustion, and at length he 
pleaded for a suspension of the labour. This great mass of 
correspondence, although closely bearing*on the subjects 
under discussion, was not, however, of a kind to supply the 
biographer with matter for quotation, or give that insight 
into the life and character of the writer which the letters 
of literary men so often furnish. hey were, for the most 
part, letters of mcre business, relating to works in progress, 
parliamentary contests, new surveys, estimates of cost, and 
railway policy,—curt, and to the point; in short, the letters 
of a man every moment of whose time was precious. He 
was also frequently called upon to inspect and report upon 
colliery works, salt works, brass and copper works, and such 
like, in addition to his own colliery and railway business. 
And occasionally he would run up to London, for the pur- 
pose of attending in person to the preparation and deposit 
of the plans and sections of the projected undertakings of 
which he had been appointed engineer. 

Fortunately Stephenson possesscd a facility of sleep- 
ing, which enabled him to pass through this enormous 
amount of fatigue and labour without injury to his health. 
He had been trained in a hard school, and could bear with 
ease conditions which, to men more softly nurtured, would 
have been the extreme of physical discomfort. Many, many 
nights he snatched his sleep while travelling in his chaiso ; 
and at break of day he would be at work, surveying 
until dark, and this fur weeks in succession. His whole 
powers seemed to be under the control of his will, for 
be could wake at any hour, and go to work at once. It 
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was difficult for secretaries and assistants to keep up with 
such a man. 

lt is pleasant to record that in the midst of these 
engrossing occupations, his heart remained as soft and 
loving as ever. In spring-time he w0uld not bo debarred 
of his boyish pursuit of bird-nesting ; but would go rambling 
along the hedges spying for nests. In the autumn he went 
nutting, and when he could snatch a few minutes he in- 
dulged in his old love of gardening. His uniform kindness 
aud good temper, and his communicative, intelligent dispo- 
sition, made him a great favourite with the peighbouring 
farmers, to whom he would volunteer much valuable advice 
on agricultural operations, drainage, ploughing, and labour- 
saving processes. Sometimes he tock a long rural ride on 
his favourite ‘“ Bobby,” now growing old, but as fond of his 
master as ever. Towards the end of his hfe, “ Bobby ” 
lived in clover, its master’s pet, doimg no work; and he 
died at Tapton, in 1845, more than twenty years old. 

During one of George’s brief sojourns at the Grange, 
he found time to write to hisson a touching account ofa pair 
of robins that had built their nest within one of the upper 
chambers of the house. One day he observed a robin 
fluttering outside the windows, and beating its wings 
against the panes, as if eager to gain adinission. He went 
up stairs, and there found, in a retired part of one of the 
rooms, a robin’s nest, with one of the parent birds sitting 
over three or four young—-all dead. The excluded bird 
outside still beat agamst the panes; and on the window 
being let down, it flew into the room, but was so exhausted 
that it dropped upon the floor. Mr. Stephenson took up 
the bird, carried it down stairs, had it warmed and fed. 
ihe poor robin revived, and for a time was one of his pets. 
But it shortly died too, as if unable to recover from the 
privations it had endured during its three days fluttering 
and beating at the windows. It appeared that the room 
had been unoccupied, and, the sash having been Ict down, 
the robins had taken the opportunity of building their nest 
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within it; but the servant having closed ths window 
again, the calamity befel the birds which so strongly excited 
Mr. Stephenson’s sympathies. An incident such as this, 
trifling though it may seem, gives the true key to the heart 
of the man. . 

The amount of their Parhamentary business having 
greatly increased with the projection of new lines of railway, 
the Stephensons found it necessary to sect up an office in 
London in 1836. George's first office was at 9, Duke Street, 
Westminster, from whence he removed in the following year 
to 304, Great George-street. That office was the busy scene 
of railway politics for several years. There consultations 
were held, schemes were matured, deputations were re- 
ceived, and many projectors called upon our engineer for the 
purpose of submitting to him their plans of railways and 
railway working. His private secretary at the time has in- 
formed us that at the end of the first Parliamentary session 
in which he had been engaged as engineer four more com- 
panies than one, it became necessary for lim to give 
instructions as to the preparation of the accounts to be 
rendered to the respective companies. In the simplicity of 
his heart, he directed Mr. Binns to take his full time at the 
rate of ten guineas a day, and charge the railway companies 
in the proportion in which he had been actually employed 
on their respective business during each day. When Robert 
heard of this instruction, he went directly to his father and 
expostulated with him against this unprofessional course: 
and, other influences being brought to bear upon him, 
George at length reluctantly consented to charge as other 
engineers did, an entire day's fee tu each of the Companies 
for which he was concerned whilst their business was going 
forward ; but he cut down the number of days charged for. 
and reduced the daily amount from ten to seven guineas. 

Besides his journeys at home, Mr. Stephenson was ot 
more than one occasion called abroad on railway business. 
Thus, at the desire of King Leopold, he made several visits 
to Belgium to assist the Belgian engineers in laying out the 
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national lines of that kingdom. That enlightened monarch 
at an early period discerned the powerful instrumentality 
of railways in developing a country’s resources, aud he 
determined at the carlicst possible period to adopt them as 
the great high-roads of the nation.” The country, being 
rich in coal and minerals, had great manufacturing capabi- 
litices. It had good ports, fine navigable rivers, abundant 
canals, and a teeming, industrious population. Leopold 
perceived that railways were eminently calculated to bring 
the industry of the country into full play, and to render the 
riches of the provinces available to the rest of the kingdom. 
He therefore openly declared himself the promoter of public 
railways throughout Belgium. <A system of lines was pro- 
jected, at his instance, connecting "Brussels with the chief 
towns and cities of the kingdom; extending from Ostend 
eastward to the Prussian frontier, and from Antwerp south- 
ward to the French frontier. 

Mr. Stephenson and his son, as the leading railway-engi- 
necrs of Iingland, were consulted by the King on the best 
mode of carrying out his important plans, as early as 1835. 
In the course of that year they visited Belgium, and had 
several interesting conferences with Leopold and_ his 
ministers on the subject of the proposed railways. The 
King then appointed George Stephenson by royal ordinance 
a Knight of the Order of Leopold. At the invitation of the 
monarch, Mr. Stephenson made a second visit to Belgium 
in 1837, on the occasion of the public opening of the line 
from Brussels to Ghent. At Brussels there was a public pro- 
cession, and another at Ghent on the arrival of the train. 
Stephenson and his party accompanied it to the Public 
Hall, there to dine with the chief Ministers of State, the 
municipal authorities, and about five hundred of the prin- 
cipal inhabitants of tho city; the English Ambassa- 
dor being also present. After the King’s health and a 
few others had been drunk, that of Mr. Stephenson was 
proposed ; on which the whole assembly rose up, amidst 
wreat excitement and loud applause, and made their way to 
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where he sat, in order to jingle glasses with him, greatly 
to his own amazement. On the day following, our engineer 
dined with the King and Queen at their own table at 
Laaken, by special invitation; afterwards accompanying 
his Majesty and suite to a public ball given by the 
municipality of Brussels, in honour of the opening of the 
line to Ghent, as Well as of their distinguished English 
guest. On entering the room, the general and excited 
inquiry was, “Which is Stephenson?” The English 
engineer had not before imagined that he was esteemed to 
be so great a lan. 

The London and Birmingham Railway having been com- 
pleted in September, 1838, after being about five years in 
progress, the great main system of railway communication 
between London, Liverpool, and Manchester was then 
vpened to the public. For some months previously, the line 
had been partially opened, coaches performing the journey 
between Denbigh Hall (near Wolverton) and Rugby,—the 
works of the Kilsby tunnel being still incomplete. It was 
already amusing to hear the complaints of the travellers 
about the slowness of the coaches as compared with the 
railway, though the coaches travelled at the speed of eleven 
miles an hour. ‘The comparison of comfort was also greatly 
to the disparagement of the coaches. Then the railway 
train could accommodate any quantity, whilst the road con- 
veyances were limited; and when a press of travellers 
occurred——as on the occasion of the Queen's coronation—the 
greatest inconvenience was experienced, and as much as 104. 
was paid fur a seat on a donkey-chaise between Rugby and 
Denbigh. On the opening of the railway throughout, of 
course all this inconvenience and delay was brought to an 
end. . 

Numerous other openings of railways constructed by Mr 
Stephenson took place about the same time. The Birming 
ham and Derby line was opencd for traffic in August, 1839 ; 
the Shefficld and Rotherham in November, 1839; and in 
the course of the following year, the Midland, the York and 
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North Midland, the Chester and Crewe, the Chester and 
Birkenhead, the Manchester and Birmingham, the Man- 
chester and Leeds, and the Maryport and Carlisle railways, 
were all publicly opened in whole or in part. Thus 321 
miles of railway (exclusive of the London and Birmingham) 
constructed under Mr. Stephenson's superintendence, at a cost 
of upwards of cleven nullions sterling, were, in the course 
of about two years, added to the traffic accommodation of 
the country. 

Tho ceremonies, which accompanied the public opening 
of these lines were often of an interesting churacter. The 
adjoining population held general holiday; bands played, 
banners waved, and assembled thousands cheered the pass- 
ing trains amidst the occasional bodming of cannon. The 
proceedings were usually wound up by a public dinner ; 
and in the course of the ‘speeches which followed, Mr. 
Stephenson would revert to his favourite topic—the difficul- 
ties which he had early encountered im the promotion of 
the railway system, and in establishing the superiority of 
the locomotive. On such occasions he always took great 
pleasure in alluding to the services rendered to himself and 
the public by the young men brought up under his eye—his 
pupils at first, and afterwards his assistants. No great 
master ever possessed a more devoted band of assistants 
and fellow-workers than he did. It was one of the most 
marked evidences of his own admirable tact and judgment 
that he selected, with such undeviating correctness, the men 
best fitted to carry out his plans. Indeed, the ability to 
xccomplish great things, and to carry grand ideas into prac- 
tical effect, depends in no small measure on that intuitive 
knowledge of character, which Stephenson possessed in so 
remarkable a degree. 

At the dinner at York, which followed the partial open- 
ing of the York and North MidJand Railway, Mr. Stephen- 
son said, “he was sure they would appreciate his feelings 
when he told them, that when he first began railway 
business his hair was black, although it was now grey ; and 
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that he began his life’s labour as but a poor ploughboy. 
About thirty years since, he had applied himself to the 
study of how to generate high velocities by mechanical 
means. He thought he had solved that problem; and they 
had for themselves seen, that day, what perseverance had 
brought him too. He was, on that occasion, only tvo 
happy to have an opportunity of acknowledging that he 
had, in the latter portion of his career, received much most 
valuable assistance, particularly from young men brought 
up in his manufactory. Whenever talent showed itself in a 
young man he had always given that talent encouragement 
where he could, and he would continue to do so.” 

That this was no exaggerated statement 1s amply proved 
by many facts which redound to Mr. Stephenson's credit. 
He was no niggard of encouragement and praise when he 
saw honest industry struggling for a footing. Many were 
the young men whom, im the course of his useful career, he 
took by the hand and led steadily up to honour and emulu- 
ment, simply because he had noted their zeal, diligence, 
and integrity. One youth excited his interest while work- 
ing asa common carpenter on the Liverpool and Manchester 
line; and before many years had passed, he was recognised 
as an engincer of distinction. Another young man he 
found industrionsly working away at his bye-hours, and, 
admiring his diligence, engaged him for his private secre- 
tary, the gentleman shortly after rising to a position of 
eminent influence and uscfulness. Indeed, nothing gave 
Mr. Stephenson greater pleasure than in this way to help 
on any deserving youth who came under his observation, 
and, in his own expressive phrase, to “make a man of 
him.” 

The openings of the great main lines of railroad communi- 
cation shortly proved the fallaciousness of the numerous 
rash prophecies which had been promulgated by the 
opponents of railways. The proprietors of the canals were 
ustounded by the fact that, notwithstanding the immense 
traffic conveyed by rail, their own traffic and receipts con- 
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tinued to increase ; and that, in common with other in- 
terests, they fully shared in the expansion of trade and 
commerce which had been so effectually promoted by the 
extension of the railway system. ‘hp cattle-owners were 
equally amazed to find the price of horse-flesh increasing 
with the extension of railways, and that the number of 
coaches running to and from the new railway-stations gave 
employment to a greater number of horses than under the 
old stage-coach system. Those who had prophesied the 
decay of the me#ropolis, and the ruin of the suburban 
cabbage-growers, in consequence of the approach of railways 
to London, were also disappointed; for, while the new 
roads let citizens out of London, they let country-people in. 
Their action, in this respect, was centripetal as well as cen- 
trifugal. Tens of thousands who had never seen the metro- 
polis could now visit it expeditiously and cheaply; and 
Londoners who had never visited the country, or but rarely, 
were enabled, at little cost of time or money, to see green 
fields and clear blue skies, far from the smoke and bustle of 
town. If the dear suburban-grown cabbages became depre- 
ciated in value, there were truck-loads of fresh-grown 
country cabbages to make amends for the loss: in this case, 
the “ partial evil” was a far more general good. The food 
of the metropolis became rapidly improved, especially in the 
supply of wholesome meat and vegetables. And then the 
price of coals—an article which, in this country, is as in- 
dispensable as daily food to all classes—was greatly reduced. 
What a blessing to the metropolitan poor is described in 
this single fact! 

The prophecies of ruin and disaster to landlords and 
farmers were equally confounded by the openings of the 
railways. The agricultural communications, so far from 
being “destroyed,” as had been predicted, were im- 
mensely. improved. Tho farmers were enabled to buy 
their coals, lime, and manure for less money, while 
they obtained a readier access to the best markets for 
their stock and farm-produce, Notwithstanding the pre- 
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dictions to the contrary, their cows gave milk as before, 
their sheep fed and fattened, and even skittish horses ceased 
to shy at the passing locomotive. Thesmoke of the engines 
did not obscure thegsky, nor were farmyards burnt up by 
the firo thrown from the locomotives. The farming classes 
were not reduced to beggary; on the contrary, they soon 
telt that, so far from having anything to dread, they had 
very much good tu expect from the extension of rail- 
ways. 

Landlords also found that they coultl get higher rents 
for farms situated near a railway than at a distance 
from one. Hence they becaine clamorous for “ sidings.” They 
felt it to be a grievance to be placed at a distance from 
wi station. After a railway had been once opened, not a 
landlord would consent to have the line taken from him. 
Owners who had fonght the promoters before Parliament, 
and compelled them to pass their domains at a distance, at 
a vastly-increased expense in tunnels and deviations, now 
petitioned for branches and nearer station accommodation: 
Those who held property near towns, and had extorted large 
sums as compensation for the anticipated deterioration in 
the value of their building land, found a new demand for it 
springing up at greatly advanced prices. Lund was now 
advertised for sale, with the attraction of being “near a 
railway station.” 

The prediction that, even if railways were made, the 
public would not use them, was also completely falsified by 
the results. The ordinary mode of fast travelling for the 
middle classes had heretofore been by mail-coach and stage- 
coach. Those who could not afford to pay the high prices 
charged for such conveyances went by waggon, and the 
poorer classes trudged on foot. George Stephenson was 
wont to say that he hoped to see the day when it would be 
cheaper for a poor man to travel by railway than to walk, 
and not many years passed before his expectation was ful- 
filled. In no country in the world is time worth moro 
money than in England; and by saving time—tho criterion 
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of distance—the railway proved a great benefactor to men 
of industry im all classes. 

It was sume time befure the more opulent, who could 
afford to post to town in aristocratie style, became recon- 
ciled to railway travelling. In the opinion of many, it 
was only another illustration of the levelling tendencies 
of the age. It put an end to that gradation of rank in 
travelling which was one of the few things left by which 
the nobleman could be distinguished from the Manchester 
manufacturer and*bagman. But to younger gons of noble 
families the convenience and cheapness of the railway did 
not fail to recommend itself. One of these, whose eldest 
brother had just succeeded to an eaxldom, said one day toa 
railway manager: “1 like railways—they just suit young 
fellows like me with ‘nothyng per annum paid quarterly.’ 
You know we can't affurd to post, and it used to be deuced 
annoying to me, as I was jogging along on the box-seat of 
the stage-coach, to see the little Earl go by drawn by his 
four posters, and just look up at me and give me a nod. 
But now, with railways, it’s different. It’s true, he may 
take a first-class ticket, while I can only afford a second- 
class one, but we both go the same pace.” 

For a time, however, many cof the old families sent 
forward their servants and luggage by railroad, and con- 
demned themselves to jog along the old highway in the 
accustomed family chariot, dragged by country post-horses. 
But the superior comfort of the railway shortly recommended 
itself to even the oldest famihes; posting went out of date ; 
post-horses were with difficulty to be had along even the 
great high-roads; and nobles and servants, manufacturers 
and peasants, alike shared in the comfort, the convenience, 
and the despatch of railway trivelling. The late Dr. Arnold, 
of Rugby, regarded the opening of the London and Bir- 
mingham line as another great step accomplished in the 
march of civilisation. “I rejoice to see it,” be said, as he 
stood on one of the bridges over the railway, and watched 
the train flashing along under him, and away through the 
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distant hedgcrows—“ TI rejoice to see it, and to think that 
feudality is gone for ever: it is so great a blessing to think 
that any one evil is really extinct.” 

It was long befor@ the late Duke of Wellington would 
trust himself behind a locomotive. Tho fatal accident to 
Mr. Huskisson, which had happened before his eyes, contri- 
buted to prejudice him strongly against railways, and it was 
not until the year 1843 that he performed his first trip on 
the South-Western Railway, in attendancy upon her Majesty. 
Prince Albert had for some time been accustomed to travel 
by railway alone, but in 1842 the Queen began to make uso 
of the same mode of conveyance between Windsor and 
London. Even Coloneb Sibthorpe was eventually compelled 
to acknowledge its utility. For a time he continued to post 
to and from the country as befere. Then he compromised 
the matter by taking a railway ticket for the long journey, 
and posting only a stage or two nearest town; until, at 
length, he undisguisedly committed himself, like other 
people, to the express train, and performed the journey 
throughout upon what he had formerly denounced as “ the 
infernal railroad.” 
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CHAPTER AY. 


Grorcr Strerrenson’s Coat Mines — Arrears at MEcnHANICS’ 
Instirurrs — His Orrntron on Rariway Speeps — Atmo- 
spoeRic System — Rarpway Mania — Visits to Beucivuu 
AND SPAIN. 


t 

WHILE George Stephenson was engaged in carrying on the 
works of the Midland Railway’ in ‘the neighbourhood of 
Chesterfield, several seams of coal were cut throngh in the 
Claycross Tunnel, and it occurred to him that if mines were 
opened out there, the railway would provide the means of a 
ready sale for the article in the midland counties, and as far 
south as even the metropolis itself. 

At a time when everybody oe was sceptical as to the 
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possibility of couls being carried from the midland counties 
to London, and sold there at a price to compete with those 
which were seaborne, he declared his firm conviction that 
the time was fast approaching when the London markct 
would ve regularly supplied with north-country coals led by 
railway. One of the greatest advantages of railways. in his 
opinion was that they would bring iron and coal, the staple 
products of the country, to the doors of all England. ‘“'lhe 
strength of Britain,” he would say, “les in her jron and oval 
beds ; and the locummotive is destined, above 41 other agencies, 
to bring it forth. The Lord Chancellor now sits upon a bag 
of wool; but wool has long ceased to be emblematical of the 
staple commodity of England. He ought rather to sit upon 
a bag of coals, though it might not prove quite so comfort- 
able a seat. Then think of the Lord Chancellor being 
addressed as the noble and learned lord on the coal-sack! 1 
am afraid it wouldn't answer, after all.” 

To one gentleman ho said: “We want from the coal- 
mining, the iron-producing and manufacturing districts, a 
great railway for the carriage of these valuable products. 
We want, if I may so say, a stream of stcam running 
directly through the country, from the North to London, 
and from other similar districts to London. Speed is not 
so much an object as utility and cheapness. It will not do 
to mix up the heavy merchandize and coal trains with the 
passenger trains. Coal and most kinds of goods can wait ; 
but passengers will not. A less perfect road and less 
expensive works will do well enough for coal trains, if run 
at a low speed; and if the line be flat, it is not of much 
consequence whether it be direct or not. Whenever you 
put passenger trains on a line, all the other trains must he 
run at high specds to keep out of their way. But coal 
trains run at high speeds pull the road to pieces, besides 
causing large expenditure in locomotive power; and I 
doubt very much whether they will pay after all: but a 
succession of long coal trains, if run at from ten to fourtecn 
wniles an hour, would pay very well. Thus the Stockton 
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and Darlington Company madea larger profit when rmnning 
coal at low speeds at a halfpenny a ton per mile, than they 
have been able to do since they put on their fast passenger 
trains, when everything must needg be run faster, and a 
much larger proportion of the gross receipts is absorbed by 
working expenses.” 

In advocating these views, Mr. Stephenson was con- 
siderably ahead of his time; and although he did not live 
to see his anticipations fully realised as to the supply of the 
London coal-market, he was nevertheless the first to point 
out, and to some extent to prove, the practicability of 
establishing a profitable coal trade by railway between the 
northern ecunties and the metropolis. So long, however as 
the traffic was conducted on main passenger lines at 
comparatively high spee ‘ds, it was found that the expendi- 
ture on tear and wear of road and locomotive power,—not 
to mention the increased risk of carrying on the first-class 
passenger traffic with which it was mixed up,—necessarily 
l-ft a very small margin of profit; and hence Mr. Stephen- 
son was in the habit of urging the propricty of constructing 
a railway which should be exclusively devoted to goods and 
mineral traffic run at low speeds as the only condition on 
which a large railway traffic of that sort could be profitably 
conducted. 

Having induced some of his Liverpool friends to join him 
in a coal-mining adventure at Chesterfield, a lease was 
taken of the Claycross estate, then for sale, and operations 
were shortly after begun. At a subsequent period Mr. 
Stephenson extended his coal-mining operations in the same 
neighbourhood ; and in 1841 he himself entered into a con- 
tract with owners of land in adjoining townships for the 
working of the coal thereunder ; and pits were opened on the 
Tapton estate on an extensive scale. About the same time 
he erected great lime-works, close to the Ambergate station 
of the Midland Railway, from which, when in full operation 
he was able to turn out upwards of 200 tons a day. The 
limestone was brought on a tramway from the village of 
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Crich, 2 or 3 miles distant, the coal being supplied from his 
adjoining Claycross collicry. The works were on a scale 
such as had not before been attempted by any private 
individual engaged in a similar trade; and we believe they 
proved very successful. 





Limic Works at Ambergate, 


Tapton House was included in the lease of one of the 
collicries, and as it was conveniently situated—being, as it 
were, a central point on the Midland Railway, from which 
he could readily proceed north or south, on his journeys 
of inspection of the various lines then under construction 
in the midland and northern counties,—he took up his 
residence there, and it continued his home until the close of 
his life. 

Tapton House is a large roomy brick mansion, beauti- 
fully situated amidst woods, upon a commanding eminence, 
about a mile to the north-east of the town of Chesterficld. 
Green fields dotted with fine trees slope away from the 
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house in all directions. The surrounding country is undu- 
lating and highly picturesque. North and south the eye 
ranges over a vast extent of lovely scenery; and on the 
west, looking over the town of Chesterfield, with its church 
and crooked spire, the extensive range of the Derbyshire 
hills bounds the distance. The Midland Railway skirts the 
western edge of the park in a deep rock cutting, and the 
shrill whistle of the locomotive sounds near at hand as 
the trains speed past. The gardens and pleasure-grounds 
adjoining the house were in a very neglected state when 
Mr. Stephenson first went to Tapton; and he promised 
himself, when he had secured rest and leisfre from busi- 
ness, that he would put a new face upon both. The first 
improvement he made was cutting a woodland footpath up 
the hill-side, by which he at the same time added a beauti- 
ful feature to the park, and secured a shorter road to the 
Chesterfield station. But it was some years before he 
found time to carry into effect his contemplated improve- 
ments in the adjoining gardens and pleasure-grounds. He 
had so long been accustomed to laborious pursuits, and 
felt himself still so full of work, that he could not at once 
settle down into the habit of quietly enjoying the fruits of 
his industry. 

He had no difficulty in usefully employing his time. Be- 
sides directing the mining operations at Claycross, the 
establishment of the lime-kilns at Ambergate, and the con- 
struction of the extensive railways still in progress, he 
occasionally paid visits to Newcastle, where his locomotive 
manufactory was now in full work, and the proprietors 
were reaping the advantages of his early foresight in an 
abundant measure of prosperity. One of his most interest- 
ing visits to the place was in 1838, on the occasion of the 
meeting of the British Association there, when he acted as 
one of the Vice-Presidents in the section of Mechanical 
Science. Extraordinary changes had occurred in his own 
fortunes, as well as in the face of the country, since he had 
first appeared before a scientific body in Newcastle—the 
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members of the Literary and Philosophical Institute—to 
submit his safety-lamp for their examination. T'wenty- 
three years had passed over his head, full of honest work, 
of manful struggle; and the humble “colliery enginewright 
of the name of Stephenson” had achieved an almost world- 
wide reputation as a public benefactor. His fellow-towns- 
men, therefore, could not hesitate to recognise his merits 
and do honour to his name. During the sittings of the 
Association, Mr. Stephenson took the opportunity of paying 
a visit to Kilungworth, accompanied by some of the dis- 
tinguished savans whom he numbered anfongst his friends. 
He there poitited out to them, with a degree of honest 
pride, the cottage in which he had lived for so many years, 
showed what parts of it had been his own handiwork, and 
told them the story of the sun-dial over the door, describing 
the study and the labour it had. cost him and his son to 
calculate its dimensions, and fix'it in its place. ‘The dial 
had been serenely numbering the hours through the busy 
years that had elapsed since that humble dwelling had been 
his home; during which the Killingworth locomotive had 
become a great working power, and its contriver had esta- 
blished the railway system, which was now rapidly becoming 
extended in all parts of the world. 

About the same time, his services were very much in 
request at the meetings of Mechanics’ Institutes held 
throughout the northern counties. From an early period 
in his history, he had taken an active interest in these 
institutions. While residing at Newcastle in 1824, shortly 
after his locomotive foundry had been started in Forth- 
street, he presided at a public meeting held in that town 
fur the purpose of establishing a Mechanics’ Institute. The 
meeting was held; but as George Stephenson was a man 
comparatively unknown even in Newcastle at that time, 
his name failed to secure “an influential attendance.” 
Among those who addressed the meeting on the occasion 
was J oseph Locke, then ‘his pupil, and afterwards his rival 
asanengineer. The local papers scarcely noticed the pro 
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ceedings; yet the Mechanics’ Institute was founded, and 
struggled into existence. Years passed, and it was now 
{elt to be an honour to secure Mr. Stephenson’s presence at 
any public mectings held for the promotion of popular cdu- 
cation. Among the Mechanics’ Institvtes in his immediate 
neighbourhood at Tapton, were those of Belper and Chester- 
field ; and at their soirées he was a frequent and a welcome 
visitor. On these gccasons he loved to tell his auditors of 
the difficulties which had early beset him through want of 
knowledge, and of the means by which he had overcome 
them His grand “text was—PeEnRsEvens ; and there was 
manhood in the very word. 

On more than one occasion, the author had the pleasure 
of listening tv George Stephenson’s homely but forcible 
addresses at the annual soirées of the Leeds Mechanics’ 
Institute. Ile was always an immense favourite with his 
audiences there. His personal appearance was greatly in 
his favour. A handsome, ruddy, expressive face, it up by 
bright dark-blue eyes, prepared one for his earnest words 
when he stood up to speak and the cheers had subsided 
which invariably hailed his rising. He was not glib, but 
he was very impressive. And who, so well as he, could 
serve as a guide to the working man in his endeavours after 
higher knuwledge? His early life had been all struggle— 
encounter with difficulty—groping in the dark after greater 
light, but always earnestly and perseveringly. His words 
were therefore all the more weighty, siuce he spoke from 
the fulness of his own experience. 

Nor did he remain a mere inactive spectator of the im- 
provements in railway working which increasing experience 
from day to day suggested. He gontinued to contrive im- 
provements in the locomotive, and to mature his invention 
of the carnage-brake. When examined before the Select 
Committee on Railways in 1841, his mind seems principally 
to have been impressed with the necessity which existed 
for adopting a system of self acting brakes; stating that, in 
his opinion, this was tho most important arrangemont that 
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could be provided for increasing the safety of railway 
travelling. “I believe,” he said, “ that if self-acting brakes 
were put upon every carriage, scarcely any accident could 
take place.” His plan consisted in employing the mo- 
mentum of the running train to throw his proposed brakes 
into action, immediately on the moving power of the engine 
being checked. He would also have these brakes under 
the control of the guard, by means of a connecting line 
running along the w ail length of the train, by which they 
should er once be thrown out of gear when necessary. At 
the same time he suggested, as an additional means of 
safcty, that the signals of the line should be self-acting, and 
worked by the locomotives as they passed along the railway. 
Ile considered the adyption of this plan of so much im- 
portance, that, with a view to the public safety, he would 
even have it enforced upon railway companies by the legis- 
lature. At the same time he was of opinion that it was 
the interest of the companics themselves to adopt the plan, 
as it would save great tear aud wear of engines, carriages, 
tenders, and brake-vans, besides greatly diminishing the 
risk of accidents upon railways. 

While before the same Ccmmittee, he took the oppor- 
tunity of stating his views with reference to railway speed, 
about which wild ideas were then afloat—one gentleman of 
celebrity having publicly expressed the opinion that a 
speed of 100 miles an hour was practicable in railway tra- 
velling! Not many years had passed since George Stephen- 
son had been pronounced insane for stating his conviction 
that 12 miles an hour could be performed by the locomotive ; 
but now that he had established the fact, and greatly ex- 
ceeded that speed, he was thought behind the age because 
he recommended the rate to be limited tu 40 miles an hour. 
He said: “1 do not like either 40 or 50 miles an hour upon 
any line—lI think it isan unnecessary speed ; and if there is 
danger upon a railway, it is hign velocity that creates it. 
I should say no railway ought to exceed 40 miles an hour 
on the most favourable gradient ; but upon a curved line 
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the speed ought not to exceed 24 or 25 miles an hour.” 
He had, indeed, constructed for the Great Western Railway 
an engine capable of running 50 miles an hour with a load, 
and 80 miles without one. But he never was in favour of 
a hurricane speed of this sort, believitg it could only be 
accomplished at an unnecessary Increase both of danger and 
expense. 

“It is true,” he gbserved on other occasions, “I have 
said the locomotive engine might be made to travel 100 
miles an hour; but, I always put a qualification on this, 
namely, as to what speed would best suit the public. The 
public may, however, be unreasonable ; and 50 or 60 miles 
an hour ts an unreasonable speed. Long before railway 
travelling became general, [said to my friends that there was 
nu limit to the speed of the locomotive, provided the works 
could be made to stand. But there are limits to the strength 
of iron, whether it be manufactured into rails or loco- 
motives; and there is a pomt at wlich both raius and tyres 
must break. Every imcrease of speed, by increasing the 
strain upon the read and the rolling stock, brings us nearer 
to that point. At 30 miles a shehter road will do, and less 
perfect rolling stock may be run upon it with safety. But 
if you increase the speed by say 10 miles, then everything 
must be greatly strengthened. You must have heavier 
engines, heavier and better-fastened rails, and all your 
working expenses will be immediately increased. I think 
I know enough of mechanics to know where to stop. I 
know that a pound will weigh a pound, and that no more 
should be put upon an iron rail than it will bear. If you 
could ensure perfect iron, perfect rails, and perfect loco- 
motives, I grant 50 miles an houfor more might be run 
with safety on a level railway. But then you must not 
forget that iron, even the best, will ‘ tire,’ and with constant 
use will become more and more lable to break at the 
weakest poimt—perhaps where there is a secret flaw that 
the eye cannot detect. Then look at the rubbishy rails 
now manufactured on the contract system—some of them 
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little better than cast metal: indeed, I have seen rails 
break merely on being thrown from the truck on to the 
ground. How is it possible for such rails to stand a 20 or 
30 ton engine dashing over them at the specd of 50 miles 
an hour? No, no,’the would conclude, “1 am in favour of 
low speeds because they are safe, and because they are 
economical ; and you may rely upon it that, beyond a certain 
point, with every increase of speed there 1s an increase in 
the element of danger.” 

When railways became the subject of popular discussion, 
many new and unsound theories were started with reference 
to them, which Stephenson opposed as calculated, in his 
opunion, to bring discredit on the locomotive system. One 
of theso was with reference to what were called “ undu- 
lating lines.” Among others, Dr. Lardner, who had oriy- 
nally been somewhat sceptical about the powers of the 
locomotive, now promulgated the idea that a railway con- 
structed with rising and fallen gradients would be practically 
as easy to work as a line perfectly level. Mr. Badnell went 
even beyond him, for he held that an undulating railway 
was much better than a level one for purposes of working. 
Tor a time, this theory found favour, and the “ undulating 
system” was extensively adopted; but Mr. Stephenson 
never ceased to inveigh against it; and experience has 
amply proved that his judgment was correct. lis practice, 
from the beginning of his career until the end of it, was to 
secure a road as nearly as possible on a level, following the 
course of the valleys and the natural line of the country: 
preferring to go round a hill rather than to tunnel under it 
or carry his railway over it, and often making a consider- 
able circuit to secure good, workable gradients. He studied 
to lay out his lines so that long trains of minerals and 
merchandise, a8 well as passengers, might be hauled along 
them at the least possible expenditure of locomotive power. 
He had long before ascertained, by careful experiments at 
Killingworth, that the engine expends half of its power in 
overcoming a rising gradient of 1 in 260, which is about 
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20 feet in the mile; and that when the gradient is so steep 
as 1 in 100, not less than three-fourths of its power is 
sacrificed in ascending the acclivity. He never forgot the 
valuable practical Coa tanght him by the early trials 
which he had made and registered long before the advan- 
tages of railways had been TCoseTces He saw clearly 
that the longer flat line must eventually prove superior to 
the shorter line of step grialicnts as respected its paying 
qualitics. He urged that, after all, the power of the loco- 
motive was but limited; and, although he and his son had 
done more than any other men to increase its working 
capacity, it provoked him to find that every improvement 
made in it was neutralised by the steep gradients which 
the uew school of engineers were sétting it to overcome. 
On one occasion, when Robert Stephenson stated before a 
Parliamentary Committee that every successive improve- 
ment in the locomotive was being rendered virtually nuga- 
tory by the difficult and almost impracticable gradients 
proposed on many of the new lines, his father, on his 
leaving the witness-box, went up to him, and said, “ Robert, 
you never spoke truer words than those im all your hfe.” 
To this it must be added, that m urging these views 
Mr. Stephenson was strongly influenced by commercial 
considerations. He had no desire to build up his reputa- 
tion at the expense of railway sharcholders, nor to obtain 
engineering ¢elat by making “ducks and drakes” of their 
money. He was persuaded that, in order to secure the 
practical success of railways, they must be so laid out as not 
only to prove of decided public utility, but also to be worked 
economically and to the advantage of their proprietors. 
They were not government roads, “but private ventures—in 
fact, commercial speculations. He therefore endeavoured 
to render them financially profitable; and he repeatedly 
declared that if he did not believe they could be “ made to 
pay,” he would have nothing to do with them. He was 
not influenced by the sordid consideration of what he — 
make out of any company that employed him; indeed, 
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~nany cases he voluntarily gave up his claim to remunera- 
tion where the promoters of schemes which he thought 
praiseworthy had suffered serious loss. Thus, when the 
first application was made to Parliament for the Chester 
and Birkenhead Rdilway Bill, the promoters were defeated. 
They repeated their application, on the understanding that 
in event of their succeeding, the engineer and surveyor 
were to be paid their costs in vespect*of the defeated mea- 
sure. The Bill was successful, and to several parties their 
costs were paid. Mr. Stephenson’s amounted to 8001. and 
he very novly said, “You have had an expensive career 
in Parhament; you have had a great struggle; you are a 
young Company; you cannot afford to pay me this amount 
of money: [ will rediice it to 2001, and I will not ask you 
for that 2002. until your shares are at 201. premium: for 
whatever may be the reversés you will go through, I am 
satisfied I shall live to see the day when your shares will 
be at 201. premium, and when I can legally and honourably 
claim that 2001.” We may add that the shares did eventu- 
ally rise to the premium specified, and the enginver was no 
loser by his generous conduct in the transaction. 

Another novelty of the time, with which George Stephen- 
son had to contend, was the substitution of atmospheric 
pressure for locomotive steam-power In the working of 
railways. The idea of obtaining motion by means of 
atmospheric pressure 1s said to have originated with Denis 
Papin, more than 150 years ago; but it slept until revived 
in 1810 by Mix. Medhurst, who published a pamphlet to 
prove the practicability of carrying letters and goods by 
air. In 1824, Mr. Vallance of Brighton took out a patent 
for projecting passengers through a tube large enough to 
contain a train of carriages; the tube being previously 
exhausted of its atmospheric air. ‘Tho same idea was 
afterwards taken up, in 1835, by Mr. Pinkus, an ingenious 
American. Scientific gentlemen, Dr. Lardner and Mr. 
Clegg amongst others, advocated the plan; and an associa- 
tion was formed to carry it into effect. Shares were 
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created, and 18,0007. raised: and a model apparatus was 
exhibited in London. Mr. Vignolles took his friend Ste- 
phenson to sce the model; and after carefully examming 
it, he observed emphatically, “Jt wont do: it 1s only the 
fixed engines and ropes over again, in another form; and, 
to tell you the truth, I don’t think this rope of wind wil 
answer sv well as the rope of wire did.” He did not think 
the principle would stand the test of practice, and he 
objected to the mode of applying the principle. After all, 
it was only a modification of the stationary-engine plan; 
and every day’s experience was proving that “fixed engines 
could not compete with locomotives in point of efficiency 
and economy. He stood by the locomotive engine; und 
subsequent experience proved that he was right. 

Messrs. Clegg and Sumuda after wards, In “1840, patented 
their plan of an atmospheric railway; and they publicly 
tested its working on an unfinished portion of the West 
London Railway. ‘The results of the experiment were so 
satisfactory, that the directors of the Dublin and Kingstown 
line adopted it between Kingstown and Dalkey. The 
London and Croydon Company also adopted the atmo- 
spheric principle; and their linc was opened in 1845. The 
ordinary mode of applying the power was to lay between 
the line of rails a pipe,in which a large piston was inserted, 
and attached by a shaft to the framework of a carriage. 
The propelling power was the ordinary pressure of the 
atmosphere acting against the piston in the tube on one 
side, a vacuum being created in the tube on the other side 
of tho piston by the working of a stationary engine. Great 
was the popularity of the atmospheric system; and still 
George Stephenson said “It won't do; it’s but a gimerack.” 
Engineers of distinction said he was prejudiced, and that 
he looked upon the locomotive as a pet child of his own. 
“Wait a little,” he replied, “and you will see that I am 
right.” It was genorally supposed that the locomotive 
system was about to be snuffed out. “Not so fast.” said 
Stephenson. “ Let us wait to cee if it will pay.” He never 
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believed it would. It was ingenious, clever, scientific, and 
all that; but railways were commercial enterprises, not 
toys; and if the atmospheric railway could not work to a 
profit, it would not do. Considered in this light, he even 
went so far as to call it “a great humbug.” “ Nothing will 
beat the locomotive,” said he, “for efficiency in all weathers, 
for economy in drawing loads of average weight, and for 
power and speed as occasion may require.” 

The atmospheric system was fairly and fully tried, and it 
was found wanting. Jt was admitted to be an exccedingly 
elegant mode of applying power; its devices were very 
skilful, and its mechanism was most ingenious, But it was 
costly, irregular in action, and, in particular kinds of 
weather, not to be dependcd upon. At best, it was but a 
modification of the stationary-engine system, and experience 
proved it to be so expensive that it was shortly after entirely 
abandoned in favour of locomotive power.* 

One of the remarkable results of the system of railway 
locomotion which George Stephenson had by his persevering 
labours mainly contributed to establish, was the outbreak 
of the railway mania towards the close of his professional 
career. ‘The success of the first main lines of railway 
naturally led to their extension into many new districts; 
but a strongly speculative tendency soon began to display 
itself, which contained in it the clements of great danger. 

The extension of railways had, up to the year 1844, been 
mainly effected by men of the commercial classes, and the 
shareholders in them principally belonged to the manufac- 
turing districts,—the capitalists of the metropolis as yet 


* The question of the specific 
merits of the atmospheric as com- 
ppb with the fixed engine and 
ocomotive systems, will be found 
fully discussed in Robert Stephen- 
son's able ‘Report on the Atmo- 
spheric Railway System,’ 1844, in 
which he gives the result of nu. 
merous observations and experi 


ments made by him on tne Kings 
town Atmospheric Railway, with 
the object of ascertaining whether 
the new power would be applicable 
for the working of the Chester and 
Holyhead Railway, then under con- 
struction. His opinion was deci- 
rao against the atmospheric sys 
em. 
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holding aloof, and prophesying disaster to all concerned in 
railway projects. But when the lugubrious anticipations of 
the City men were found to be so entirely falsified by the 
results—when, after the lapse of years, it was ascertained 
that railway traffic rapidly increased and dividends steadily 
improved—a change came over the spirit of the London 
capitalists. They then invested Jargely in railways, the 
shares in which be#ame a dcading branch of Business on the 
Stock Exchange, and the prices of some rose to nearly 
double their original value. 

A stimulus was thus given to the project#on of further 
tines, the shares in most of which came out at a premium, 
aud became the subject of immediate traffic. <A reckless 
spirit of gambling set in, which completely changed the 
character and objects of railway enterprise. The public 
outside the Stock Exchang¢ became also infected, and many 
persons utterly ignorant of railways, knowing and caring 
nothing about their national uses, but hungering and thirst- 
ing after premiums, rushed eagerly into the vortex. They 
applied for allotments, and subscribed for shares in lines, of 
the engineering character or probable traflic of which they 
knew nothing. Provided they could but obtain allotments 
which they could sell at a premium, and put the profit—in 
many cases the only capital they possessed *—into their 
pocket, it was enough for them. The mania was not con- 
fined to the precincts of the Stock xchange, but infected 
all ranks. It embraced merchants and manufacturers, 
gentry and shopkeepers, clerks in public offices, and Joungers 
at the clubs. Noble lords were pointed at as “stags ;” 
there were even clergymen who were characterised as 
“bulls ;” and amiable ladies who had the reputation of 


* The Marquis of Clanricarde name down as o subscriber for 
brought under the notice of the shares in the London and York 
House of Lords, in 1845, that one line, for 52,0001. Doubtless he had 
Charles Guernsey, the son of a been made useful for the purpose 
eharwoman, and a clerk in a bro- by the brokers, his employers, 
ker’s office, at 128. a week, had his 
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“ bears,” in the share markets. The few quiet men who re- 
mained uninfluenced by the speculation of the time were, in 
not a few cases, even reproached for doing injustice to their 
families, in declining to help themselves from the stores of 
wealth that were poured out on all sides, 

Folly and knavery were, for a time, completely in the 
ascendant. The sharpers of society wero let loose, and 
jobbers and schemers became more and more plentiful. 
They threw out railway schemes as lures to catch the 
unwary. ‘They fed the mania with a corstant succession of 
new projects. The railway papers became loaded with their 
advertisements. The post-office was scarcely able to distri- 
bute the multitude of prospectuses and circulars which they 
issued. Tor a time their popularity was immense. They 
rose like froth into the upper heights of society, and the 
flunkey FitzPlushe, by virtue of his supposed wealth, sat 
amongst peers and was idolised. Then was the harvest- 
time of scheming lawyers, parliamentary agents, engineers, 
surveyors, and traffic-takers, who were ready to take up 
any railway scheme however despcrate, and to prove any 
amount of traffic even where none existed. The traffic in 
the credulity of their dupes was, however, the great fact 
that maimly concerned them, and of the profitable character 
of which there could be no doubt. 

Mr. Stephenson was anxiously entreated to lend his name 
to prospectuses during the railway mania; but he invariably 
refused. He held aloof from the headlong folly of the hour, 
and endeavoured to check‘it, but in vain. Had he been 
less scrupulous, and given his countenance to the numerous 
projects about which he was consulted, he might, without 
any trouble, have thus secured enormous gains; but he had 
no desire to accumulate a fortune without labour and with- 
out honour. He himself never speculated in shares. When 
he was satisfied as to the merits of any undertaking, he 
subseribed for a certain amount of capital in it, and held 
on, neither buying nor selling. At a dinner of the Leeds 
and Bradford directors at Ben Rydding in October, 1844, 
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before the mania had reached its height, he warned those 
present against the prevalent disposition towards railway 
speculation. It was, he said, like walking upon a piece of 
ice with shallows and deeps; the shalJows were frozen over, 
and they would carry, but it required great caution to get 
over the deeps. He was satisfied that in the course of the 
next year many would step on to places not strong enough 
to carry them, and would’ get into the deeps; they would 
bo taking shares, and afterwards be unable to pay the calls 
upon them. Yorkshiremen were reckoned clever men, and 
his advice to them was, to stick together and”promote com- 
munication in their own neighbourhood,—not to go abroad 
with their speculations. lf any had done so, he advised 
them to get their money back as fast as they could, for if 
they did not they would not get it at all. He informed the 
company, at the same time, of his earliest holding of railway 
shares; it was in the Stockton and Darlington Railway, 
and the number he held was three—“a very large capital 
for him to possess at the time.” But a Stockton friend was 
anxious to possess a share, and he sold him one at a pre- 
mium of 33s.; he supposed he had been about the first man 
in England to sell a railway share at a premium. 

During 1845, his son’s offices in Great George-street, 
Westminster, were crowded with persons of various condi- 
tions seeking interviews, presenting very much the appear- 
ance of the levee of a minister of state. ‘The burly figure of 
Mr. Hudson, the “ Railway King,” surrounded by an admir- 
ing group of followers, was often to be seen there; and a 
still more interesting person, in the estimation of many, 
was George Stephenson, dressed in black, his coat of some- 
what old-fashioned cut, with square pockets in the tails. 
He wore a white neckcloth, and a large bunch of seals was 
suspended from his watch-ribbon. Altogether, he presented 
an appearance of health, intelligence, and good humuur, 
that rejoiced one to look upon in that sordid, selfish and 
eventually ruinous saturnalia of railway speculation. 

Powers were granted by Parliament, in 1845, to construct 

U2 


292 PARLIAMENT AND THE MANTA. Cuap. XV. 


not less than 2883 miles of new railways in Britain, at an 
expenditure of about forty-four millions sterling! Yet the 
Inania was not appeased; for in the following session of 
1846, applications were made to Parliament for powers to 
raise 389,000,000/. sterling for the construction of further 
lines ; and powers were actually conceded for forming 4790 
miles (including 60 miles of tunnels), at a cost of about 
120,000,000/ sterling. During tllis session, Mr. Stephenson 
appeared as engineer for only one new line,—the Buxton, 
Macclesficld, Congleton, and Crewe Riailway—a line in 
which, as a cdal-owner, he was personally interested ;—and 
of three branch-lines in connexion with existing companies 
for which he had long acted as engineer. At the same 
time, all the leading professional men were fully occupied, 
some of them appearing as consulting enginecrs for upwards 
of thirty lines each! | 

One of the features of the mania was the rage for “ dircct 
lines” which everywhere displayed itself. There were 
“ Direct Manchester,” “ Direct Excter,” ‘“ Direct York,” and, 
indeed, new direct lines between most of the large towns. 
The Marquis of Bristol, speaking in favour of the “ Direct 
Norwich and London” project, at a public meeting at 
Haverhill, said, “If necessary, they might make a tunnel 
beneath his very drawing-room, rather than be defcatcd in 
their undertaking!” And the Rev. F. Litchfield, at a 
meeting in Banbury, on the subject of a line to that town, 
said “ He had laid down for himself a mit to his approba- 
tion of railways,—at least of such as approached the neigh- 
bourhood with which he was connected,—and that limit 
was, that he did not wish them to approach any nearer to 
him than to run through his bedroom, with the bedposts for a 
station!” How different was the spirit which influenced 
these noble lords and gentlemen but a few years before! 

The House of Commons became thoroughly influenced by 
the prevailing excitement. Even the Board of Trade began 
to favour the views of the fast school of engineers. In their 
“Report on the Lines projected in the Manchester and 
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Leeds District,” they promulgated some remarkable views 
respecting gradients, declaring themselves in favour of the 
“undulating system.” ‘They there stated that lines of an 
undulating character “which have gradients of 1 in 70 or 
1 in 80 distributed over them in short iengths, may be 
positively better lines, t.e., mure susceptible of cheap and expe- 
ditious working, than others which have nothing steeper 
than 1 in 100 or lein 1203” They concluded by reporting 
in favour of the lie which exhibited the worst gradients 
and the sharpest gurves, chiefly on the ground that it could 
be constructed for less money. ° 

Sir Robert Peel took occasion to advert to this Report in 
the House of Commons on the 4th of March following, as 
containing “a novel and highly*important view on the 
subject of gradients, which, he was certain, never could 
have been taken by any Gommittee of the House of Com 
mons, however intelligent ;” and he might have added, that 
the more intelligent, the less likely they were to arrive at 
any such conclusion. When Mr. Stephenson saw this 
report of the Premicr’s speech in the newspapers of the 
following morning, he went forthwith to his son, and 
asked him to write a letter to Sir Robert Pecl on the 
subject. le saw clearly that if these views were adopted, 
the utility and economy of railways would be seriously cur- 
tailed. “These members of Parliament,” said he, “ are 
now as much disposed to exaggerate the powers of the loco- 
motive, as they were to under-estimate them but a few 
years ago.” Robert accordingly wrote a letter for his 
father’s signature, embodying the views which he so strongly 
entertained as to the importance of flat gradients, and 
referring to the experiments cogducted by him many years 
before, in proof of the great loss of working power which 
was incurred on a line of steep as compared with easy gra- 
dients. It was clear, from the tone of Sir Nobert Peel’s 
speech in a subsequent debate, that he had carefully read 
and considered Mr. Stephenson's practical observations on 
the subject; though it did not appear that he had come 


294 ILL EFFECTS OF THE MANIA. CHAP, XV. 


to any definite conclusion thereon, further than that he 
strongly approved of the Trent Valley Railway, by which 
Tamworth would be placed upon a direct main line of com- 
munication. i 

The result of the fabours of Parliament was a tissue of 
legislative bungling, involving enormous loss to the public. 
Railway Bills were granted in heaps. Two hundred and 
' seventy-two additional Acts were passed in 1846. Some 
authorised the construction of lines running almost pa- 
rallel to existing railways, in order to afford the public 
“the benefity of unrestricted competition.” Locomotive 
and atmospheric lines, broad-gauge and narrow-guage 
lines, were granted without hesitation. Committees de- 
cided without judgment and without discrimination ; it was 
ascramble for Bills, in which the most unscrupulous were 
the most successful. 

Amongst the many ill effects of the mania, one of the worst 
was that it introduced a low tone of mordlity into railway 
‘ transactions. ‘The bad spirit which had been evoked by it 
unhappily extended to the commercial classes, and many of 
the most flagrant swindles of recent times had their origin 
in the year 1845. Those who had suddenly gained large 
sums without labour, and also without honour, were too 
ready to enter upon courses of the wildest extravagance ; 
and a false style of living shortly arose, the poisonous influ- 
ence of which extended through all classes. Mcn began to 
look upon railways as instruments to job with. Persons, 
sometimes possessing information respecting railways, but 
more frequently possessing none, got upon boards for the 
purpose of promoting their individual objects, often in a 
very unscrupulous manner; landowners, to promote branch 
lines through thcir property ; speculators in shares, to trade 
upon the exclusive information which they obtained ; whilst 
some directors were appointed through the influence mainly 
of solicitors, contractors, or engineers, who used them as 
tovuls to serve their own ends. In this way the unfortunate 
proprictors were, in many cases, betrayed, and their pro- 
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perty was shamefully squandered, much to the discredit of 
the railway system. 

While the mania was at its height in England, railways 
were also being extended abroad, and George Stephenson 
was requested on several occasions t® give the benefit, of 
his advice to the directors of forcign undertakings. Qne of 
the most agrecable of these excursions was to Belgium in 
1845. His specialeobject was to examine theproposed line 
of the Sambre and Meuse Railway, for which a concession 
had been granted by the Belgian Icgislature. Arrived on 
the ground, he went carefully over the entirealength of the 
proposed line, to Couvins, the Forest of Ardennes, and 
Rocrol, across the French frontier; examining the bearings 
of the coal-ficld, the slate and mé¢rble quarries, and the 
numerous iron-mines in existence between the Sambre and 
the Meuse, as well as carefudly exploring the ravines which 
extended through the district, in order to satisfy himself 
that the best possible route had been selected. Mr. Ste- 
phenson was delighted with the novelty of the journey, the 
beauty of the scenery, and the industry of the population. 
llis companions were entertained by his ample and varied 
stores of practical information on all subjects, and his 
conversation was full of reminiscences of his youth, on 
which he always delighted to dwell when in the society of 
his more intimate friends. The journey was varied by a 
visit to the coal-mines near Jemappe, where Stephenson 
examined with interest the mode adopted by the Belgian 
miners of draining the pits, inspecting their engines and 
brakeing machines, so fanuliar to him in early life. 

The enginecrs of Belgium took the opportunity of Mr. 
Stephenson’s visit to their country to invite him to a mag- 
nificent banquet at Brussels. ‘The Public Hall, in which 
they entertained him, was gaily decorated with flags, pro- 
minent amongst which was the Union Jack, in honour of 
their distinguished guest. A handsome marble pedestal, 
ornamented with his bust crowned with laurels, occupied 
one end of the room. The chair was occupied by M. Massui, 
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the Chicf Director of the National Railways of Belgium ; 
and tho most eminent scientific men of the kingdom were 
present. Their reception of “the Father of railways” was 
of the most enthusiastic description. Mr. Stephenson was 
greatly pleased with? the entcrtainment. Not the Ilcast 
interesting incident of the evening was his observing, when 
the dinner was about half over, a model of a locomotive 
engine placed«upon the centre etable, ander a triumphal 
arch. ‘T'urning suddenly to his friend Sopwith, he ex- 
claimed, “Do you see the ‘Rocket’?”, The compliment 
thus paid him, was perhaps more prized than all the en- 
comiums of the evening. 

The next day (April 5th) King Leopold invited him to 
a private interview at‘the palace. Accompanied by Mr. 
Sopwith, he proceeded to Laaken, and was very cordially 
received by Tiis Majesty. The king immediately entered 
into familiar conversation with him, discussing the railway 
project which had been the object of his visit to Belgium, 
and then the structure of the Belgian coal-ficlds,—his 
Majesty expressing his sense of the great importance of 
economy in a fucl which had become indispensable to the 
comfort and well-being of society, which was the basis of 
all manufactures, and the vital power of railway locomotion. 
The subject was always a favourite one with Mr. Stephen- 
son, and, encouraged by the king, he proceeded to describe 
to him the geological structure of Belgium, the original 
formation of coal, its subsequent elevation by volcanic forces, 
and the vast amount of denudation. In describing the coal- 
beds he used his hat as a sort of model to illustrate his 
meaning; and the eyes of the king were fixcd upon it as 
he proceeded with his interesting description. The con- 
versation then passed to the rise and progress of trade and 
manufactures,—Mr. Stephenson pointing out how closely 
they everywhere followed the coal, being mamly dependent 
upon it, as it were, for their very existence. 

The king seemed greatly pleased with the interview, 
and at its close expressed himsclf obliged by the interest- 
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ing information which the engineer had communicated. 
Shaking hands cordially with both the gentlemen, and 
wishing them success in their important undertakings, 
he bade them adicu. As they were leaving the palace 
Mr. Stephenson. bethinking him of tle model by which he 
had just been illustrating the Belgian coal-fields, said to 
his friend, “By the bye, Sopwith, I was afraic the king 
would sce the insyle of ny hat; it’s a shocking bad one!” 
Little conld G@corge Stephenson, when brakesman at a coal- 
pit, have dreamt that, in the course of his life, he should be 
admitted to an interview with a monarch, agd describe to 
him the manner in wnich the geological foundations of his 
kingdom had been laid ! 

Mr. Stephenson paid a second w#isit to Belginm in the 
course of the same year, on the business of the West 
Flanders Railway ; and he fiad scarcely returned from it ere 
he made arrangements to proceed to Spain, for the purpose 
of examining and reporting upon a scheme then on foot for 
constructing ‘the Royal North of Spain Railway.” A con- 
ecssion had been made by the Spanish Government of a 
line of railway from Madrid to tho Bay of Biscay, and a 
numerous staff of cngmeers was engaged in surveying it. 
The directors of the Company had declined making the 
necessary deposits until more favourable terms had been 
secured; and Sir Joshua Walmsley, on their part, was 
about to visit Spain and press the Government on the sub- 
ject. Mr. Stephenson, whom he consulted, was alive to the 
difficulties of the office which Sir Joshua was induced to 
undertake, and offered to be lis companion and adviser on 
the occasion,—declining to receive any recompense beyond 
the simple expenses of the journey. He could only arrange 
to be absent for six weeks, and set out from England about 
the middle of September, 1845. 

The party was joined at Paris by Mr. Mackenzic, the 
contractor for the Orleans and Tours Railway, then im 
course of construction, who took them over the works, and 
accompanicd them as far as ‘Tours. They soon reached the 
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great chain of the Pyrenees, and crossed over into Spain. 
It was on a Sunday evening, after a long day’s toilsome 
journey through the mountains, that the party suddenly 
found themselves in one of those beautiful secluded valleys 
lying amidst the Wastern Pyrences. A small hamlct lay 
before them, consisting of some thirty or forty houses and a 
fine old church. The sun was low on the horizon, and, 
under the wid: porch, beneath the shadow of the church, 
were seated nearly all the inhabitants of the place. They 
were dressed in their holiday attire. The bright bits of 
red and ambey colour in the dresses of the women, and the 
gay sashes of the men, formed a striking picture, on which 
the travellers gazed in silent admiration. Jt was something 
entirely novel and unexpected. Beside the villagers sat 
two venerable old men, whose canonical hats indicated their 
quality as village pastors. Twp groups of young women 
und children were dancing outside the porch to the accom- 
paniment of a simple pipe; and within a hundred yards 
of them, some of the youths of the village were disporting 
themselves in athletic exercises; the whole being carried 
on beneath the fostering care of the old church, and with 
the sanction of its ministers. It was a beautiful scene, and 
deeply moved the travellers as they approached the principal 
group. The villagers greeted them courteously, supplicd 
their present wants, and pressed upon them some fine 
melons, brought from their adjoining gardens. Mr. Ste- 
phenson used afterwards to look back upon that simple 
scene, and speak of it as one of the most charming pastorals 
he had ever witnessed. 

They shortly reached the site of the proposed railway, 
parsing throngh Irnn, St. Sebastian, St. Andcro, and Bilbao, 
at. which places they met deputations of the principal in 
habitants who were intcrested in the subject of their 
journey. At Raynosa Stephenson carefully examined the 
mountain passes and ravines through which a railway 
could be made. He rose at break of day, and surveyed 
until the darkness sect in; and frequently his resting-place 
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at night was the floor of some miserable hovel. Jle was 
thus laboriously occupied for ten days, after which he pro- 
ceeded across the province of Old Castile towards Madrid, 
surveying as he went. The proposed plan included the 
purchase of the Castile Canal; and that property was also 
surveyed. Henext proceeded to El Escorial, situated at the 
foot of the Guadarama mountains, through which he found 
that it would be jecessagy to construct tyyo formidable 
tunnels; added to which he ascertained that the country 
between E] Escorial aud Madrid was of a very difficult and 
expensive character to work through. ‘l'aking these cir- 
cumstances into account, and looking at the expected traffic 
on the proposed line, Sir Joshua Walmsley, acting under 
the advice of Mr. Stephenson, offered to construct the line 
from Madrid to the Bay of Biscay, only on condition that 
the requisite land was givey the Company for the purpose ; 
that they should be allowed every facility for cutting such 
timber belonging the Crown as might be required for the 
purposes of the railway; and also that the materials re- 
quired from abroad for the construction of the line should 
be admitted free of duty. In return for these concessions 
the Company offered to clothe and feed several thousands of 
convicts while engaged in the execution of the carthworks. 
General Narvacz, afterwards Duke of Valencia, received 
Sir Joshua Walmsley and Mr. Stephenson on the subject of 
their proposition, and expressed his willingness to close 
with them; but it was necessary that other influential 
parties should give their concurrence before the scheme 
could be carried into effect. The deputation waited ten 
days to receive the answer of the Spanish Government ; 
but no answer of any kind was vouchsafed. The authori- 
ties, indecd, invited them to be present at a Spanish bull- 
fight, but that was not quite the business Mr. Stephenson 
had gone all the way to Spain to transact; and the offer 
was politely declined. ‘The result was, that Mr. Stephenson 
dissuaded his friend from making the necessary deposit at 
Madrid. Besides, he had by this time formed an unfavcur. 
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able opinion of the entire project, and considered that the 
traffic would not amount to one-cighth of the estimate. 

Mr. Stephenson was now anxious to be in England. 
During the journey from Madrid he often spoke with affee- 
tion of friends and rc latives ; and when apparently absorbed 
by other matters, he would revert to what he thought 
might then be passing at home. Few incidents worthy of 
notice occurred on the journey, homeward, but one may 
be mentioned. While travellig in an open conveyance 
between Madrid and Vittoria, the driver urecd his mules 
down hill at a dangerons pace. He was requested to slacken 
speed: but suspecting his passengers to be afraid, he only 
flog¢ed the brutes into a still more furious gallop. Observing 
this, Mr. Stephenson coolly said, “Let us try Lim on the 
other tack; tell him to show us the fastest pace at which 
Spanish mules can go.” The rogue of a driver, when he 
found his tricks of no avail, pulled up and procecded at a 
more modcrate speed for the rest of the journey. 

Urgent business required Mr. Stephenson's presence in 
London on the last day of November. They travelled, 
thercfure almost continuously, day and night; and the 
fatigue consequent on the journey, added to the privations 
voluntarily endured by the engineer while carrying on the 
survey among the Spanish mountains, began to tell seriously 
on his health. By the time he reached Paris he was evi- 
dently ill, but he nevertheless determined on proceeding. 
He reached Havre in time for the Southampton boat; but 
when on board, pleurisy developed itself, and it wus neces- 
sary to bleed him frecly. During the voyage, he spent his 
time chiefly in dictating letters and reports to Sir Joshua 
Walmsley, who never left him, and whose kindness on the 
occasion he gratefully remembered. His friend was struck 
by the clearness of his dictated composition, which exhibited 
a vigour and condensation which to him seemed marvellous, 
After a few wecks’ rest at home, Mr. Stephenson gradually 
recovered, though his health remained severely shaken. 
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Tue career of George Stephenson was drawing to a close. 
He had for some time been gradually retirmg from the 
more active pursuit of railway enginecring, and confining 
himself to the promotion of only a few undertakings in 
which he took a more than ordinary personal interest. In 
1840, when the extensive main lines in the Midland 
districts had been finished and+opened for traffic, he pub- 
licly expressed his intention of withdrawing from the 
profession. He had reached sixty, and, having spent the 
greater part of his life in very hard work, he naturally 
desired rest and retirement in his old age. There was the 
less necessity for his continuing “in harness,” as Robert 
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Stephenson was now in full career as a Jeading railway on- 
gineer, and his father had pleasure in handing over to him, 
with the sanction of the companies concerned, nearly all the 
railway appointments which he held. 

Robert Stephenson amply repaid his father’s care. The 
sound education of which he had laid the foundations at 
school, improved by his subsequent culture, but more than 
all by his father’s example of*application, industry, and 
thoroughness in all that he undertook, teld powerfully in 
the formation of his character, not less: than in the disci- 
pline of his® intellect. His father had early implanted 
in him habits of mental activity, familiarized him with the 
laws of mechanics, and carefully trained and stimulated his 
inventive faculties, thé first great fruits of which, as we 
have seen, were exhibited in the triumph of the “ Rocket” 
at Rainhill. “I am fully conscious in my own mind,” said 
the son at a mecting of the Mcchanical Icngineers at 
Newcastle, in 1858, “ how greatly my civil engineering has 
been regulated and influenced by the mechanical know- 
ledge which I derived directly from my father; and the 
more my experience has advanced, the more convinced I 
have become that it 1s necessary to educate an engineer in 
the workshop. That is, emphatically, the education which 
will render the engineer most intelligent, most useful, and 
the fullest of resources in times of difficulty.” 

Robert Stephenson was but twenty-six years old when 
the performances of the “ Rocket” established the practica- 
bility of steam locomotion on railways. He was shortly 
after appointed engineer of the Leicester and Swannington 
Railway; after which, at his father’s request, he was 
made joint engineer with himself in laying out the Lon- 
don and Birmingham Railway, and the cxecution of that 
line was afterwards entrusted to him as sole engineer. 
The stability and excellence of the works of that railway, 
the difficulties which had been successfully overcome in the 
course of its construction, and the judgment which was dis- 
played by Robert Stephenson throughout the whole conduct 
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of the undertaking to its completion, established his repu- 
tation as.an engineer; and his father could now look with 
confidence and with pride upon his son’s achievements. 
From that time forward, father and son worked together as 
one man, each jealous of the other's honour; and on +he 
father’s retirement, 1t was gencrally recognized that, in the 
sphere of railways, Robert Stephenson was the foremost 
man, the safest guide, and the most active wurker. 

Robert Stephenson was subsequently appointed engincer 
of the Eastern Countics, the Northern and Eastern, and the 
Blackwall railways, besides many lines in the midland and 
southern districts. When the speculation of 1844 set in, 
his services were, of course, greatly In request. Thus, in 
one session, we find him engaged a8 engineer for not fewer 
than 33 new schemes. Projectors thought themselves for- 
tunate who could secure his name, and he had only to 
propose his terms to obtain them. The work which he 
performed at this period of his life was indeed enormous, 
and his income was large beyond any previous instance of 
engineering gain. But much of his labour was heavy 
hackwork of a very uninteresting character. During the 
sittings of the committees of Parhament, almost every mo- 
ment of his time was occupied in consultations, and m 
preparing evidence or in giving it. The crowded, low- 
roofed committce-rooms of the old Houses of Parliament 
were altogether inadequate to accommodate the rush of 
perspiring projectors of bills, and even the lobbies were 
sometimes choked with them. ‘To have borne that noisome 
atmosphere and heat would have tested the constitutions 
of salamanders, and engineers were only human. With 
brains kept in a state of excitement during the entire day, 
no wonder their nervous systems became unstrung. Their 
only chance of refreshment was during an occasional rush to 
the bun and sandwich stand in the lobby, though some- 
times even that resource failed them. ‘Then, with mind 
and body jaded—probably after undergoing a series of con- 
sultations upon many bills after the rising of the committees 
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—the exhausted engineers would seck to stimulate nature 
by a late, perhaps a heavy, dinner. What chance had any 
ordinary constitution of surviving such an ordeal? The 
consequence was, that stomach, brain, and liver were alike 
irretrievably injurec; and hence the men who bore the 
brunt of those struggles—Stephenson, Brunel, Locke, and 
Errington —have already all dicd, comparatively young men. 

In mentionjpg the name of Rrunel, we are reminded of 
him as the principal rival and competitor of Robert Stephen- 
son. Doth were the sons of distinguisked men, and both 
inherited the, fame and followed in the footsteps of their 
fathers. ‘The Stephensons were inventive, practical, and 
sagacious; the Brunels ingenious, imaginative, and daring. 
The former were as thoroughly Enghsh in their characteris- 
tics as the latter were perhaps as thoroughly French. The 
fathers and the sons were alike successful in their works, 
though not in the same degree. Measured by practical and 
profitable results, the Stephensons were unquestionably the 
safer men to follow. 

Robert Stephenson and Isambard Kingdom Brunel were 
destined often to come into collision in the course of their 
professional life. Their respective railway districts 
“marched ” with each other, and it became their business 
to invade or defend those districts, according as the policy 
of their respective boards might direct. ‘The gauge of 7 
feet fixed by Mr. Brunel for the Great Western Railway, so 
entirely different from that of 4ft. 84in. adopted by the 
Stephensons on the Northern and Midland lines, was from 
the first a great cause of contention. But Mr. Brunel had 
always an aversion to follow any man’s lead; and that 
another engineer had fixed the gauge of a railway, or built 
a bridge, or designed an engine, in one way, was of itself 
often a sufficient reason with him for adopting an altogether 
different course. Robert Stephenson, on his part, thongh 
Jess bold, was more practical, preferring to follow the old 
routes, and to tread in the safe steps of his father. 

Mr. Brunel, however, determined that the Great Western 
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should be a giant’s road, and that travelling should be 
conducted upon it at double speed. His ambition was to 
make the best road that imagination could devise; whereas 
the main object of the Stephensons, both fathcr and sor, 
was to make a road that would pag. Although, tried by 
the Stephenson test, Brunel’s mafmificent road was a 
failure so far as the shareholders in the Great Western 
Company were concerned,the stimulus whigh his ambitious 
designs gave to mechanical invention at the time proved a 
general good. ‘Yhe narrow-gauge engineers exerted them- 
selves to quicken their locomotives to the zutmost. They 
proved and re-improved them; tne machinery was 
simplified and perfected; outside cylinders gave place to 
inside; the steadier and more rapid and effective action of 
the engine was secured; and in a few years the highest 
speed on the narrow-gauge lines went up from 30 to about 
50 miles an hour. For this rapidity of progress we are in 
no small degree indebted to the stimulus imparted to the 
narrow-gauge engineers by Mr. Brunel. And it is well for 
a country that it should possess men such as he, ready to 
dare the untried, and to venture boldly into new paths. 
Individuals may suffer from the cost of the experiments ; 
but the nation, which is an aggregate of individuals, gains, 
and so does the world at large. 

It was one of the characteristics of Brunel to believe m 
the success of the schemes for which he was professionally 
engaged as engineer; and he proved this by investing his 
savings largely in the Great Western Railway, in the South 
Devon atmospheric line, and in the Great Hastern steam- 
ship, with what results are well known. Robert Stephen- 
son, on the contrary, with characteristic caution, towards 
the latter years of his life avoided holding unguaranteecd 
railway shares; and though he might execute magnificent 
structures, such as the Victoria Bridge across the St. 
Lawrence, he was carcful not to embark any portion of his 
own fortune in the ordinary capital of these concerns. In 
1845, he shrewdly foresaw the inevitable crash that was 
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about to fullow the mania of that year; and while shares 
were still at a premium he took the opportunity of selling 
out all that he had. He urged his father to do the same 
thing, but George’s reply was characteristic. “No,” said 
he; “I took my shaurcs for an investment, and not to 
speculate with, and [’ am not going to sell them now 
because folks have gone mad about railways.” The conse- 
quence was, that he continued to kold thes60,0002. which he 
had invested in the shares of various railways until his 
death, when they were at once sold out hy his son, though 
at a great depreciation on their original cost. 

One of the hardest battles fought between the Stephensons 
and Brunel was for the railway between Newcastle and 
Berwick, forming part ef the great East Coast route to 
Scotland. As early as 1836, George Stephenson had sur- 
veyed two lines to connect Edinkurgh with Newcastle: one 
by Berwick and Dunbar along the coast, and the other, 
more inland, by Carter Fell, up the vale of the Gala, to the 
northern capital; but both projects lay dormant for 
several years longer, until the completion of the Midland 
and other main lines as fur north as Newcastle, had the 
effect of again reviving the subject of the extension of 
tne route as far as Edinburgh. 

On the 18th of June, 1844, the Newcastle and Darlington 
line—an important link of the great main highway to the 
north—was completed and publicly opened, thus connecting 
the Thames and the Tyne by a continuous line of railway. 
On that day the Stephensons, with a distinguished party 
of railway men, travelled by express train from London to 
Newcastle in about nine hours. It was a great event, and 
was worthily celebrated. The population of Newcastle 
held holiday ; and a banquct given in the Assembly Rooms 
the same cvening assumed the form of an ovation to George 
Stephenson and his son. ‘Thirty years before, in the 
capacity of a workman, he had becn labouring at the con- 
~struction of his first locomotive in the immediate neivhbour- 
hood. By slow and laborious steps he had worked his way 
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on, dragging the locomotive into notice, and raising himself 
in public estimation; until at length he had victoriously 
established the railway system, and went back amongst his 
townsmen to receive their greeting. 

After the opening of this railway? the project of the East 
Coast line from Newcastle to Berwick was revived: and 
George Stephenson, who had already identified himself with 
the question, an@é was indimately acquainted with every foot 
of the ground, was called upon to assist the promoters with 
his judgment and experience. He ayain recommended as 
strongly as before the line he had previously surveyed ; 
and on its being adopted by the local committee, the 
necessary steps were taken to have the scheme brought 
before Parliament in the ensuing*session. The East Coast 
line was not, however, to be allowed to pass without a fight. 
On the contrary, it had t® encounter as stout an opposition 
as the Stephensons had ever experienced. 

We have already stated that about this time the plan of 
substituting atmospheric pressure for locomotive steam- 
power in the working of railways, had become very popular. 
Many cminent engineers supported the atmospheric system, 
and a strong party In Parhament, headed by the Prime 
Minister, were greatly disposed in its favour. Mr. Brunel 
warmly espoused the atmospheric principle, and his persua- 
sive manner, as well as his admitted scientific ability, 
unquestionably exercised considerable mfluence in deter- 
mining the views of many leading members of both Houses. 
Amongst others, Lord Howick, one of the members for 
Northumberland, adopted the new principle, and, possessing 
great local influence, he succeeded in forming a powerful 
confederacy of the landed gentry in favour of Brunel's 
atmospheric railway through that county. 

George Stephenson could not brook the idea of seeing the 
locomotive, for which he had fought so many stout battles, 
pushed to one side, and that in the very county in which 
its great powers had been first developed. Nor did he 
rclish the appearance of Mr. Brunel as the engineer of Lord 

x 2 


308 FAILURE OF BRUNEL’S PROJECT.  Cuapr. XVI. 


Howick’s scheme, in opposition to the line which had 
occupied his thoughts and been the object of his strenuous 
advocacy for so many years. When Stephenson first met 
Brunel in Newcastle, he good-naturedly shook him by the 
collar, and asked “ WHat business he had north of the 
Tyne?” George gave him to understand that they were 
to have a fair stand-up fight for the ground, and, shaking 
hands before the battle like Engtishmen} they parted in 
good humour. A public meeting was held at Newcastle in 
the following December, when, after a full:discussion of the 
merits of the respective plans, Stephenson’s line was almost 
unanimously adopted as the best. 

The rival projects went before Parliament in 1845, and 
a severe contest ensued. ‘Tho display of ability and tactics 
on both sides was great. Robert Stephenson was examined 
at great length as to the merits of the locomotive line, and 
Brunel at equally great length as to the merits of the 
atmospheric system. Mr. Brunel, in his evidence, said that 
after numcrous experiments, he had arrived at the conclu- 
sion that the mechanical contrivance of the atmospheric 
system was perfectly applicable, and he believed that it 
would likewise be more economical in most cases than Joco- 
motive power. “In short,’ said he, “rapidity, comfort, 
safety, and economy, are its chief recommendations.” 

But the locomotive again triumphed. The Stephenson 
Coast Line secured the approval of Parliament; and the 
shareholders in the Atmospheric Company were happily 
prevented investing their capital in what would unques- 
tionably have proved a gigantic blunder. For, less than 
three years later, the whole of the atmospheric tubes which 
had been laid down on other lines were pulled up and the 
materials sold—including Mr. Brunel’s immense tube on 
the South Devon Railway—to make way for the working 
of the locomotive engine. George Stephenson’s first verdict 
of “It won’t do,” was thus conclusively confirmed. 

Robert Stephenson used -afterwards to describe with 
great gusto an interview which took place between Lord 
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Howick and his father, at his office in Great George Street, 
during the progress of the bill in Parliament. His father 
was in the outer office, where he used to spend a good deal 
of his spare time; occasionally taking a quiet wrestle with 
a friend when nothing else was stirring.* On the day in 
question, George was standing with his back to the fire, 
when Lord Howick called to see Robert. Oh! thought 
George, he has dome to try and talk Robert over about that 
atmospheric gimcrack ; but I'll tackle his Lordship. ‘“ Come 
in, my Lord,” said he, “Robert's busy; but Il answer 
your purpose quite as well; sit down heie, if you please.” 
George began, “Now, my Lord, I know very well what you 
have come about: it’s that atmospheric line in the north; I 
will show you in less than fivé minutes that it can never 
answer.” “If Mr. Robert Stephenson is not at liberty, 
I can call again,” said Ais Lordship. “He's certainly oc- 
cupicd on important business just at present,” was George’s 
answer; “but I can tell you far better than he can what 
nonsense the atmospheric system is: Robert’s good-natured, 
you see, and if your Lordship were to get alongside of him 
you might talk him over; so you have been quite lucky in 
meeting with me. Now, just look at the question of ex- 
pense,’—and then he proceeded in his strong Doric to 
explain his views in detail, until Lord Howick could stand 
it no longer, and he rose and walked towards the door. 
George followed him down stairs, to finish his demolition of 
the atmospheric system, and his parting words were, “ You 
may take my word for it, my Lord, it will never answer.” 
George afterwards told his son with glee of “the settler” 
he had given Lord Howick. 


* “When my father came about ‘falls’ (sometimes I thought they 
the office,” said Robert, “he some- would bring the house down be- 
times did not well know what to tween them), that they broke half 
do with himself. So he used to the chairs in my outer office. I 
invite Bidder to have a wrestle remember once sending my father 
with him, for old acquaintance’ in a joiner’s bill of about 24 102, 
sake. And the two wrestled to- for mendiag broken chairs,” 
gether so often, and had so many 
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So closely were the Stephensons identified with this 
measure, and so great was the personal interest which they 
were both known to take in its success, that, on the news 
of the triumph of the bill reaching Newcastle, a sort of 
general holiday took place, and the workmen bclonging to 
the Stephenson Locomotive Factory, upwards of 800 in 
number, walked in procession through the principal streets 
of the town, accorf:panied with musfe and banners. 

It is unnecessary to enter into any description of the 
works on the Newcastle and Berwick RailWay. There are 
no fewer than 110 bridges of all sorts on the line—some 
under and some over it. But by far the most formidable 
piece of masonry work on_ this railway is at its northern 
extremity, where it passes across the Tweed into Scotland, 
immediately opposite the formerly redoubtable castle of 
Berwick. Not many centuries had passed since the district 
amidst which this bridge stands was the scene of almost 
constant warfare. Berwick was regarded as the key of 
Scotland, and was fiercely fought for, sometimes held by 
a Scotch and sometimes by an English garrison. ‘Though 
strongly fortified, it was repeatedly taken by assault. On 
its capture by Edward I., Boetius says 17,000 persons were 
slain, so that its streets “ran with blood like a river.” 
Within sight of the ramparts, a little to the west, is Halidon 
Hill, where a famous victory was gained by Edward IIL, 
over the Scottish army under Douglas; and there is scarcely 
a foot of ground in the neighbourhood but has been the 
scene of contention in days long past. In the reigns of 
James I. and Charles I., a bridge of 15 arches was built. 
across the T’'weed at Berwick; and in our own day a rail- 
way-bridge of 28 arches has been built a little above the old 
one, but at a much higher level. The bridge built by the 
Kings, out of the national resources, cost 15,0001., and oc- 
cupied 24 years and 4 months in the building; the bridge 
built by the Railway Company, with funds drawn from 
private resources, cost 120,000/., and was finished in 3 years 
and 4 months from the day of laying the foundation-stone. 
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The Royal Border Bridge, Berwick-upon-T weed, [By R. P. Leitch.) 
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This important viaduct, built after the design cf Robert 
Stephenson, consists of a series of 28 semicircular arches, 
each 61 feet 6 inches in span, the greatest height above the 
bed of the river being 126 feet. The whole is built of 
ashlar, with a hearting of rubble ; excepting the river parts 
of the arches, which are constructed with bricks laid in 
cement. The total length of the work is 2160 feet. The 
foundations of “he piers were gov in by*coffer-dams in the 
ordinary way, Nasmyth’s steam-hammer being extensively 
used in driving the piles. The bearing*piles, from which 
the foundation’ of the piers were built up, were each capable 
of carrying 70 tons. 

Another bridge, of still greater importance, necessary to 
complete the continuity of the East Coast route, was the 
masterwork erected by Robert Stephenson between the 
north and south banks of the Tyne at Newcastle, commonly 
known as the High Level Bridge. Mr. R. W. Brandling, 
George Stephenson’s early friend, is entitled to the merit 
of originating the idea of this bridge as it was eventually 
carried out, with a central terminus for the northern rail- 
ways in the Castle Garth. The plan was first promulgated 
by him in 1841; and in the following year it was resolved 
that George Stephenson should be consulted as to the most 
advisable site for the proposed structure. A prospectus of a 
High Level Bridge Company was issued in 1843, the names 
of George Stephenson and George Hudson appearing on the 
committee of management, Robert Stephenson being the 
consulting engineer. The project was eventually taken 
up by the Newcastle and Darlington Railway Company, 
and an Act for the construction of the bridge was obtained 
in 1845. 

The rapid extension of railways had given an extra- 
ordinary stimulus to the art of bridge-building ; the number 
of such structures erected in Great Britain alone, since 
1830, having been above 25,000, or more than all that 
had before existed in the country. Instead of the erection 
of a single large bridge constituting, as formerly, an epoch 
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in engineering, hundreds of extensive bridges of novel 
design were simultaneously constructed. The necessity 
which existed for carrying rigid roads, capable of bearing 
heavy railway trains at high speeds, over extensive gaps 
free of support, rendered it obviou§ that the methods 
which had up to that time been employed for bridging 
space were altogether insufficient. The railway engineer 
could not, like the érdinaryroad engineer, dvert his road. 
and make choice of the best point for crossing a river or 
a valley. IIe must take such ground as lay in the line of 
his railway, be it bog, or mud, or shifting sang. Navigable 
rivers and crowded thoroughfares had to be crossed without 
interruption to the existing traffic, sometimes by bridges at 
right angles to the river or road, sofnetimes by arches more 
or less oblique. In many cases great difficulty arose from 
the limited nature of the headway ; but, as the level of the 
original road must generally be preserved, and that of 
the railway was in a measure fixed and determined, it was 
necessary to modify the form and structure of the bridge, in 
almost every case, in order to comply with the public 
requirements. Novel conditions were met by fresh inven- 
tions, and difficulties of the most unusual charactcr were 
one after another successfully surmounted. In executing 
these extraordinary works, iron has been throughout the 
sheet-anchor of the engineer. In its different forms of cast 
or wrought iron, it offered a valuable resource, where 
rapidity of execution, great strength, and cheapness of 
construction in the first instance, were elements of prime 
importance ; and by its skilful use, the railway architect 
was enabled to athieve results which thirty years ago would 
scarcely have been thought possible. 

In many of the early cast-iron bridges the old form of the 
arch was adopted, the stability of the structure depending 
wholly on compression, the only novel feature being the use 
of iron instead of stone. But in a large proportion of cases, 
the arch, with the railroad over it, was found inapplicable 
in consequence of the limited headway which it provided, 
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Hence it early occurred to George Stephenson, when con- 
structing the Liverpool and Manchester Railway, to adopt 
the simple cast-iron beam for the crossing of several roads 
and canals along that line—this beam resembling in some 
measure the lintel of the early tempics—the fressure on 
the abutments bemg purely vertical. One of the carhest 
instances of this kind of bridge was that erected over 
Water Street, anchester, in 1829; after which, cast-iron 
girders, with their lower webs considerably larger than 
their upper, were ordinarily employeds where the span 
was moderate; and wrought-iron tic rods below were 
added to give increased strength where the span was 
grreater. 





The next step was the contrivance of arched beams or 
howstring girders, firmly held together by horizontal ties to 
resist the thrust, instead of abutfnents. Numerous excellent 
specimens of this description of bridge were erected by 
Robert Stephenson on the orjgimal London and Binning- 
ham Railway; but by far the grandest work of the kind— 
perfect as a specimen of modern constructive skill—was the 
Ihigh Level Bridge, which we owe to the genius of the 
same engineer. 

The problem was, to throw a railway bridge across the 
deep ravine which hes between the towns of Newcastle and 
Gateshead, at the bottom of which flows the navigable 
river T'yne. Along and up the sides of the valley—on the 
Newcastle bank especially—run_ streets of old-fashioned 
houses, clustered together in the strange forms peculiar to 
the older cities. The ravine is of great depth—so deep and 
s0 gloomy-looking towards dusk, that local tradition records 
that when the Duke of Cumberland arrived late in the 
evening at the brow of the hill overlooking the Tyne, on 
his way to Culloden, he exclaimed to his attendants, on 
looking duwn into the black gorge before him, “ For God’s 
sake, don't think of taking me down that coal-pit at this time 
of night!” The road down the Gateshead High Street is 
almost as stecp as the roof of a house, and up the Newcastle’ 
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Side, as the street there is called, it is little better. During 
many centuries the tratfic north and south passed along this 
dangerous and difficult route, over the old bridge which 
crosscs the river in the bottora of the valley. For about 30 
years the Newcastle Corporation had ‘discussed various 
methods of improving the communication between the 
towns; and the discussion might have gone on for 30 years 
more, but for the advent of Milways, when t#e skill and 
enterprise to which they gave birth speedily solved the diffi- 
eulty and bridged the*ravine. The local authoritics adroitly 
took advantage of the opportunity, and sisted 3n the pro- 
vision of a road for ordinary vehicles and foot passengers in 
addition to the railroad. In this circumstance originated 
one of the striking peculiarities of the H igh Level Bnidgc, 
which serves two purposes, being a railway above and a 
arriage roadway underneath. ” 

The breadth of the river at the point of crossing is 515 
feet, but the length of the bridge and viaduct between the 
Gateshead station and the terminus on the Neweastle side 
18 about 4000 feet. It springs from Pipewell Gate Bank, 
on the sonth, directly across to Castle Garth, where, nearly 
fronting the bridge, stands the fme old Norman keep of 
the New Castle, now nearly 800 years old, and a little 
beyond it is the spire of St. Nicholas Church, with its light 
and graceful Gothic crown; the whole forming a grand 
architectural group of unusual historic interest. The 
bridge passes completely over the roots of the houses which 
fill both sides of the valley; and the extraordinary height 
of the upper parapet, which is about 130 feet above the bed 
of the river, offers a prospect to the passing traveller the 
hike of which is perhaps nowhere clse to be seen. Far 
below are the queer chares and closes, the wynds and lanes 
of old Newcastle ; the water is crowded with pudgy, black, 
coal keels; and, when there is a partial dispersion of the 
great smoke clouds which usually obscure the sky, the 
funnels of steamers and the masts of shipping may be seen 
far down the river. The old bridge lies so far beneath that 
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the passengers crossing it seem like so many bees passing 
to and fro. 

The first difficulty encountered in building the bridge 
was in securing a solid foundation for the piers. The 
dimensions of the piles to be driven were so huge, that the 
engineer found it necessary to employ some extraordinary 
means for the purpose. He called Nasmyth’s Titanic 
steam-hammar to his aid—thy first ovcasion, we believe, on 
which this prodigious power was employed in bridge pile- 
driving. <A temporary staging was erected for the steam- 
engine and hammer apparatus, which rested on two keels, 
and, notwithstanding the newness and stiffness of the ma- 
chinery, the first pile was driven on the 6th October, 1846, 
to a depth of 32 feet, in four minutes. ‘T’'wo hammers cf 
30 cwt. each were kept in regular use, making from 60 to 
70 strokes a minute; and tho results were astounding to 
those who had been accustomed to the old style of pile- 
driving by means of the ordinary pile-frame, consisting of 
slide, ram, and monkey. By the old systcm, the pile was 
driven by a comparatively small mass of iron descending 
with great velocity from a considerable height—the velo- 
city being in excess and the mass deficient, and calculated, 
like the momentum of a cannon-ball, rather for destructive 
than impulsive action. In the case of the steam pile-driver, 
on the contrary, the whole weight of a heavy mass is 
delivered rapidly upon a driving-block of several tons 
weight placed directly over the head of the pile, the 
weight never ceasing, and the blows being repeated at 
the rate of a blow a second, until the pile is driven home. 
It is a curious fact, that the rapid strokes of the steam- 
hammer evolved so much heat, that on many occasions the 
pile-head burst into flames during the process of driving. 
The elastic force of steam is the power that lifts the ram, 
the escape permitting its entire force to fall upon the head 
of the driving block; while the steam above the piston on 
the upper part of the cylinder, acting as a buffer or recoil- 
spring, materially enhances the effect of the downward 
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blow. As soon as one pile was driven, the traveller, ho- 
vering overhead, presented another, and dewn it went into 
the solid bed of the river, with almost as much ease as a 
lady sticks pins into a cushion. By the aid of this powerful 
machine, pile-driving, formerly among the most costly and 
tedious of engineering operations, became easy, rapid, and 
comparatively economical. 

When the piles Lad been driven and th= coffer-dams 
formed and puddled, the water within the enclosed spaces 
was pumped out by the aid of powerful engines, so as, 
if possible, to lay bare the bed of the river. Considerable 
difficulty was experienced in getting in the foundations of 
the middle pier, in consequence of the water forcing itself 
through the quicksand bencath as fast as it was removed. 
This fruitless labour went on for months, and many expe- 
dients were tried. Chalk was thrown in in large quanti- 
ties outside the piling, but without effect. Cement concrete 
was at last put within the cofter-dam, until it set, and the 
bottom was then found to be secure. A bed of concrete 
was laid up to the level of the heads of the piles, the foun- 
dation course of stone blocks being commenced about two 
feet below low water, and the building proceeded without 
further difficulty. It may serve to give an idea of the 
magnitude of the work, when we state that 400,000 cubic: 
feet of ashlar, rubble, and concrete were worked up in 
the piers, and 450,000 cubic feet in the land-arches and 
approaches. 

The most novel feature of the structure is the use of cast 
and wrought iron in forming the double bridge, which 
admirably combines the two principles of the arch and 
suspension ; the railway being carried over the back of the 
ribbed arches in the usual manner, while the carriage-road 
and footpaths, forming a long gallery or aisle, are suspended 
from these arches by wrought-iron vertical rods, with hori- 
zontal tie-bars to resist the thrust. The suspension-bolts 
aro enclosed within spandril pillars of cast iron, which 
give great stiffness to the superstructure. This system of 
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High Level Bridge—Eievation of One Arch. 


longitudinal and vertical bracing has-been much admired, 
for it not orly accomplishes the primary object of securing 
rigidity in the roadway, but at the same time, by its grace- 
ful arrangement, heightens the beauty of the structure. 
The arches consist of four main ribs, disposed in pairs with 
a clear distance between the two inner arches of 20 feet 
4 inches, forming the carriage-road, while between cach of 
the inner and outer ribs there is a space of 6 fect 2 inches, 
constituting the footpaths. Hach arch is cast in five sepa- 
rate lengths or segments, strongly bolted together. The 
ribs spring from horizontal plates of cast iron, bedded and 
secured on the stone piers. All the abutting joints were 
carefully executed by machinery, the fitting being of the 
most perfect kind. In order to provide for the expansion 
and contraction of the iron arching, and to preserve the 
equilibrium of the picrs without disturbance or racking of 
the other parts of the bridge, it was arranged that the ribs 
of every two adjoining arches resting on the samo pier 
should be secured to the springing-plates by keys and 
joggles ; whilst on the next piers on either side, the ribs 
remained free and were at liberty to expand or contract 
according to temperature—a space being left for the pur- 
pose. Hence each arch is complete and independent in 
itself, the piers having simply to sustain their vertical pres- 
sure, There are six arches of 125 feet span cach; the two 
approaches to the bridge being formed of cast-iron pillars 
and bearers in keeping with the arches. 

The result is a bridge that for massive solidity may be 
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pronounced unrivalled. It is perhaps the most magnificent 
and striking of all the bridges to which railways have given 
birth, and has been worthily styled “the Niag of railway 
structures.” It is a monument of the highest engineering 
skill of our time, with the impress of power grandly 
stamped upon it. It will also be observed, from the 
drawing placed as the frontispicce of this book, that the 
High Level Bridge forms a very fine object in a picture 
of great interest, full of striking architectural variety and 
beauty. The bridg. was opened on the 15th August, 1849, 
and a few days after the royal train passed over it, halting 
for a few minutes to enable her Majesty to survey the won- 
derful scene below. In the course of the following year the 
Queen opened the extensive stone viaduct across the Tweed, 
above described, by which the last link was completed of 
the continuous line of railvay between London and Edin- 
burgh. Over the entrance to the Berwick station, occupy- 
ing the site of the once redoubtable Border fortress, so often 
the deadly battle-ground of the ancient Scots and English, 
was erected an arch under wlich the royal train passed, 
bearing in large letters of gold the appropriate words, 
“ The last act of the Union.” 

The warders at Berwick no longer look out from the 
castle walls to descry the ghtter of Southron spears. The 
bell-tower, from which the alarm was sounded of old, 
though still standing, 1s deserted; the only bell heard 
within the precincts of the old castle being the railway 
porter’s bell announcing the arrival and departure of trains. 
You sce the Scotch express pass along the bridge and speed 
southward on the wings of stcam. But no alarm spreads 
along the border now. Northumbrian beeves are safe. 
Chevy-Chase and Otterburn are quict shecp-pastnres. The 
only men at arms on the battlements of Alnwick*Castle are 
of stone. Bamborough Castle has become an asylum for 
shipwrecked mariners, and the Norman Keep at Newcastle 
has been converted into a Museum of Antiquities. The 
railway has indeed consummated the Union. 
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CHAPTER XVII. 


Rosert SrepHenson’s Tununar Bripa@es at MEnar anp 
¢. Conway. « 


WE have now to describe briefly another great undertaking, 
begun by Geprge Stephenson, and taken up and completed 
by his son, in the course of which the latter carricd out 
some of his greatest works—we mean the Chester and 
Holyhead Railway, completing the railway connection 
with Dublin, as the Newcastle and Berwick line completed 
the connection with Edinburgh. It will thus be seen how 
closely Telford was followed by the Stephensons in per- 
fecting the highways of their respective epochs; the former 
by means of turnpike-roads, and the latter by means of 
railways. 

George Stephenson surveyed a line from Chester to 
Holyhead in 1838, and at the same time reported on the 
line through North Wales to Port Dynllaen, proposed by 
the Irish Railway Commissioners. His advice was strongly 
in favour of adopting the line to Holyhead, as Iess costly 
and presenting better gradicnts. A public mecting was 
held at Chester, in January, 1839, in support of the latter 
measure, at which he was present to give explanations. 
Mr. Uniacke, the Mayor, in opening the proceedings, said 
that Mr. Stephenson was present, ready to answer any 
questions which might be put to him on the subject; and 
it was judiciously remarked that “it would be better that 
he should be asked questions than required to make a 
speech ; for, though a very good engincer, ho was a bad 
speaker.” One of the questions then put to Mr. Stephenson 
related to the mode by which he proposed to haul the pas- 
yenger carriages over the Menai Suspension Bridge by 
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horse power; and he was asked whether he knew the 
pressure the bridge was capable of sustaining. His answer 
was, that “he had not yet made any calculations; but he 
proposed getting data which would enable him to arrive 
at an accurate calculation of the aetual strain upon the 
bridge during the late gale. He had, however, no hesita- 
tion in saying that it was more than twenty times as much 
as the strain ofea train, of carriages agd a locomotive 
engine. The only reason why he proposed to convey the 
carriages over by horses, was in order that he might, by 
distributing the weight, not increase thy wavy motion. 
All the train would be on at once; but distributed. This 
he thought better than passing them, linked together, by a 
locomotive engine.” It will thas be observed that the 
practicability of throwing a rigid railway bridge across the 
Straits had not yet been contemplated. 

The Dublin Chamber of Commerce passed resolutions in 
favour of Stephenson’s line, after hearing his explanation 
of its essential features. The project, after undergoing 
much discussion, was at length embodied in an Act passed 
in 1844; and the work was brought to a successful comple- 
tion by his son, with several important modifications, 
including the grand original feature of the tubular bridges 
across the Menai Straits and the estuary of the Conway. 
Excepting these great works, the construction of this line 
presented no unusual features; though the remarkable 
terrace cut for the accommodation of the railway under the 
stecp slope of Penmaen Mawr is worthy of a passing 
notice. 

About midway between Conway and Bangor, Penmacn 
Mawr forms a bold and almost precipitous headland, at the 
base of which, in rough weather, the ocean dashes with 
great fury. ‘There was not space enough between the 
mountain and the strand for the passage of the railway ; 
hencs in some places the rock had to be blasted to form a 
terrace, and in others kgea-walls had to be built up to the 
proper level, on which to form an embankment of sufficient 
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Penmaen Mawr, [By Percival Skelton.] 


width to enable the road to be laid. A tunnel 104 chains 
in Jength was cut through the headland itself; and on its 
east and west sides the line was formed by a terrace cut 
out of the cliff, and by embankments protected by sea 
walls; the terrace being three times interrupted by em- 


Cnap. XVU., PENMAEN MAWR. 323 


bankments in its course of about 1} mile. The road lies 
so close under the steep mountain face, that it was even 
found neccssary at certain places to protect it against 
possible accidents from falling stones, by means of a. covered 
way. ‘The terrace on the east side of the headland was, 
however, in some measure protected against the roll of the 
sea by the mass of stone run out from the tunnel, and 
forming a deep spingle bank im front of the wall. 

The part of the work ‘which lies on th€ westward of the 
headland penetrated by the tunnel, was exposed to the full 
force of the sea; and the formation of the road at that 
point was attended with great difficulty” While the sea 
wall was still in progress, its strength was severely tried by 
a strong north-westerly gale, which blew in October, 1846, 
with a spring tide of 17 feet. On the following morning it 
was found that a large portion of the rubble was irreparably 
injured, and 200 yards of the wall were then replaced by 
an open viaduct, with the piers placed edgeways to the sca. 
the openings between them being spanned by ten cast-iron 
eirders each 42 feet Jong. This accident induced the 
engineer to alter the contour of the sea wall, so that it 
should present a diminished resistance to the force of the 
waves. But the sea repeated its assaults, and made further 
havoc with the work; entailing heavy expenses and a com- 
plete reorganisation of the contract. Increased solidity was 
then given to the masonry, and the face of the wall under- 
went further change. At some points outworks were 
constructed, and piles were driven into the beach about 15 
feet from the base of the wall, for the purpose of protecting 
its foundations and breaking the force of the waves. The 
work was at length finished after about three years’ anxious 
labour; but Mr. Stephenson confessed that if a long tunnel 
had been made in the first instance through the solid rock of 
Penmaen Mawr, a saving of from 25,0001, to 30,000/. would 
have been effected. He also said he had arrived at the 
conclusion that in railway works engineers should endeavour 
as far as possible to avoid the necessity of contending with 
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the sea;* but if he were ever again compelled to go within 
its reach, he would adopt, instead of retaining walls, an 
open viaduct, placing all the piers edgeways to the force of 
the sea, and allowing the waves to break upon a natural 
slope of beach. He w&s ready enough to admit the errors 
he had committed in the original design of this work; but 
he said he had always gained more information from study- 
ing the causes cf failures and eydeavouring to surmount 
them than he had done from easily-won successes. Whilst 
many of the latter had been forgotton, ¢he former were 
indelibly fixed in his memory. 

‘But by far the greatest difficulty which Robert Stephenson 
had to encounter in executing this railway, was in carrying 
it across the Straits of Menai and the estuary of the Conway, 
where, like his predecessor Telford when forming his high 
road through North Wales, he was under the necessity of 
resorting to new and altogether untried methods of bridge 
construction. At Menai the waters of the Irish Sea are 
perpetually vibrating along the precipitous shores of the 
Strait; rising and falling from 20 to 25 feet at each succes- 
sive tide; the width and depth of the channel being such as 
to render it available for navigation by the largest ships. 
The problem was, to throw a bridge across this wide chasm 
~—a bridge of unusual span and dimensions —of such 
strength as to be capable of bearing the heaviest loads at 
high speeds, and at such a uniform height throughout as 
not Im any way to interfere with the navigation of the 
Strait. From an early period, Mr. Stephenson had fixed 
upon the spot where the Britannia Rock occurs, nearly in 
the middle of the channel, as the most cligible point for 
crossing; the water-width from shore to shore at high 


* The simple fact that ina neavy | formidable an element. Mr. R. 
storm the force of impact of the | Stevenson (Edinburgh; registered 
waves is from one and a-half to a force of three tons per square foot 
two tuns per square foot, must at Skerryvore, during a gale in the 
necessarily dictate the greatest Atlantic, when the waves were 
possible caution in approac so supposed to run twenty fect high. 
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water there being about 1100 feet. Tis first idea was to 
construct the bridge of two cast-iron arches, each of 340 
feet span. There was no novelty in this idea; for, as 
carly as the year 1801, 
Mr. Rennie prepared 
a desion of a cast- 
iron bridge across the 
Strait at the Swilly 
rocks, the great centre 
arch of which was to 
be 450 feet spun; and 
at a later period, 
1810, Telford  sub- 
mitted a design of a 
similar bridge at In- 
ys-y-Moch, with a 
single cast-iron arch 
of 500 feet. But the 
same objections which 
led to the rejection 
of Rennie’s and Tel- 
ford’s designs, proved 
fatal to Robert Ste- 
phenson’s, and his 
iron -arched railway 
bridge was rejected 
by the Admiralty. ; 
The navigation of the | iii @ = 
Strait was under no BROTANNEA BR ODGs 
circumstances to be 

interfered with; and even the erection of scaffolding from 
below, to support the bridge during construction, was not 
to be permitted. Tho idea of a suspension bridge was 
dismissed as inapplicable; a degree of rigidity and strength, 
greater than could be secured by any bridge constructed 
on the principle of suspension, being considered an indis- 
pensable condition of the proposed structure, 
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Various other plans were suggested; but the whole 
question remained unsettled even down to the time when 
the Company went before Parliament, in 1844, for power to 
construct the proposed bridges. No existing kind of 
structure seemed to Be. eqnauile of bearing ‘ie fearful 
extension to which rigid bridges of the necessary spans 
would be subjected ; and some hew expedient of engineering 
therefore became mecessary. e 

Mr. Stephenson was then led to rscpnaaet a de sign which 
he had made in 1841 for a road bridge over the river Lea 
at Ware, with aespan of 50 fout,—the conditions only ad- 
mitting of a platform 18 or 20 inches thick. For this 
purpose a wrought-iron platform was designed, consisting 
of a series of simple cells, formed of boiler-plates riveted 
together with angle-iron. The bridge was not, however, 
carried out after this design, bet was made of separate 
wrought-iron girders composed of riveted plates. Recur- 
ring to his first idea of this bridge, Mr. Stephenson thought 
that a stiff platform might be constructed, with sides of 
strongly trussed frame-work of wrought-iron, braced to- 
gether at top and bottom with plates of like material 
riveted together with angle-iron; and that such platform 
might be suspended by strong chains on either side to 
give it increased security. “It was now,” says Mr. Sto 
phenson, “that I came to regard the tubular platform as a 
a beam, and that the chains should be looked upon as 
auxiliaries.” It appeared, nevertheless, that without a 
system of diagonal struts inside, which of course would 
have prevented the passage of trains through it, this kind of 
structure was ill-suited for maintaining its form, and would 
be very lable to become lozenge-shaped. Besides, the 
rectangular figure was deemed objectionable, from the large 
surface which it presented to the wind. 

It then occurred to him that circular or elliptical tubes 
might better answer the intended purpose; and in March, 
1845, he gave instructions to two of his assistants to pre- 
pare drawings of such a structure, the tubes being made 
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with a double thickness of plate at top and bottom. Thr 
results of the calculations made as to the strength of such a 
tube, were considered so satisfactory, that Mr. Stephensor 
says he determined to fall back on a bridge of this descrip. 
tion, on the rejection of his design eof the two cast-iron 
arches by the Parliamentary Committee. Indeed, it became 
evident that a tubular wrought-iron beam was the only 
structure which eombined the necessary strength and sta- 
bility for a railway, with the conaitions deqmed essential fer 
the protection of ,the navigation. “I stood,” says Mr. Ste- 
phenson, “ on the verge of a responsibility from which, I con- 
fess, I had nearly shrunk. The construction of a tubular 
beam of such gigantic dimensions, on a platform clevated and 
supported by chains at such a height, did at first present 
itself as a difficulty of a very formidable nature. Reflection, 
however, satisfied me that the principles upon which the 
idea was founded were nothing more than an extension of 
those daily in use in the profession of the engineer. The 
method, moreover, of calculating the strength of the struc- 
ture which I had adopted, was of the simplest and most 
elementary character ; and whatever might be the form of 
the tube, the principle on which the calculations were 
founded was equally applicable, and could not fail to lead 
to equally accurate results.” * Mr. Stephenson accordingly 
announced to the directors of the railway that he was pre- 
pared to carry out a bridge of this general description, and 
they adopted his views, though not without considerable 
ausSpivings. 

While the engineer’s mind was still occupied with the 
subject, an accident occurred to the Prince of Wales iron 
steamship, at Blackwall, which singularly corroborated his 
views as to the strength of wrought-iron beams of large 
dimensions. When this vessel was being launched, the 
cleet on the bow gave way, in consequence of the bolts 
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* Robert Stephenson's narrative in Clark’s ‘ Eanes and Conway 
Tubular Bridges,’ vol. i. p. 27. w 
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breaking, and let the vessel down so that the vilge came in 
contact with the wharf, and she remained suspended be- 
tween the water and the wharf for a length of about 110 
feet, but without any injury to the plates of the ship; 
satisfactorily provingt the great strength of this form of 
construction. Thus, Mr. Stephenson became gradually 
confirmed in his opinion that the most feasible method of 
bridging the strgit at Menai and, the riwer at Conway was 
by means of a kollow beam of wrought-iron. As the time 
was approaching for giving evidence befare Parliament on 
the subject, 1t was necessary for him to settle some definite 
plan for submission to the committee. “My late revered 
father,” says he, “having always taken a deep interest in 
the various proposals which had been considered for carrying 
a railway across the Menai Straits, requested me to explain 
fully to him the views which ledgme to suggest the use of a 
tube, and also the nature of the calculations I had made in 
reference to it. It was during this personal conference 
that Mr. William Fairbairn accidentally called upon me, to 
whom I also explained the principles of the structure ] 
had proposed. He at once acquiesced in their truth, and 
expressed confidence in the feasibility of my project, giving 
me at the same time some facts relative to the remarkable 
strength of iron steamships, and invited me to his works at 
Millwall, to examine the construction of an iron steamship 
which was then in progress.” The date of this consultation 
was early in April, 1845, and Mr Fairbairn states that, on 
that occasion, “ Mr. Stephenson asked whether such a design 
was practicable, and whether I could accomplish it: and it 
was ultimately arranged that the subject should be in- 
vestigated experimentally, to determine not only the value 
of Mr. Stephenson’s original conception (of a circular or 
egg-shaped wrought-iron tube, supported by chains), but 
that of any other tubular form of bridge which might 
present itself in the prosecution of my researches. ‘The 
matter was placed unreservedly in my hands; the entire 
conduct of the investigation was entrusted to me; and, as 
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an experimenter, I was to be left free to exercise my own 
discretion in the investigation of whatever forms or con- 
ditions of the structure might appear to me best calculated 
to secure a safo passage across the Straits.”* Mr. Fair- 
bairn then proceeded to construct a niémber of experimental 
models for the purpose of testing the strength of tubes of 
different forms. The short period which elapsed, however, 
before the bill was in coymittee, did notgadmit of much 
progress being made with those experiments; but from the 
evidence in chief «iven by Mr. Stephenson on the sifbject, 
on the 5th May following, it appears that the idea which 
prevailed in his mind was that of a bridge with openings of 
450 feet (afterwards increased to 460 fect; with a roadway 
formed of a hollow wrought-iron’ beam, about 25 feet in 
diameter, presenting a rigid platform, suspended by chains. 
At the same time, he expressed the confident opinion that 
a tube of wrought iron would possess sufficient strength 
and rigidity to support a railway train running inside of 
it without the help of the chains. 

While the bill was still in progress, Mr. Fairbairn pro- 
ceeded with his experiments. He first tested tubes of a 
cylindrical form, in consequence of the favourable opinion 
entertained by Mr. Stephenson of the tubes in that shape, 
extending them subsequently to those of an elliptical form.t 
He found tubes thus shaped more or less defective, and 
proceeded to test those of a rectangular kind. After the 
bill had received the royal assent on the 30th June, 18485, 
the directors of the company, with great lberality, voted 
a sum for the purpose of enabling the experiments to be 


* « Account of the Construction of | year or two before his death Mr, 
the Britannia and Conway Tubular | Stephenson remarked to the author, 
Bridges.’ By W. Fairbairn, C.E. that had the same urrangement for 
London, 1849. stiffening been adopted to which 

t Mr. Stephenson continued to the oblong rectangular tubes owe a 
hold that the elliptical tube was! great part of their strength, a very 
the right idea, and that sufficient different result would have beer 
justice had not been done to it. A . obtained. 
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prosecuted, and upwards of 60001. were thus expended te 
make the assurance of their enginecr doubly sure. Mr. 
Fairbairn’s tests were of the most elaborate and eventually 
conclusive character, bringing to ight many new and im- 
portant facts of great* practical value. The due proportions 
and thicknesses of the top, bottom, and sides of the tubes 
were arrived at after a vast number of trials; one of the 
results of the experiments being the adaption of Mr. Fair- 
bairn’s invention of rectangular hollow cells in the top of 
the beam for the purpose of giving it the requisite degree 
of strength. About the end of August it was thought 
desirable to obtain the assistance of a mathematician, who 
should prepare a formula by which the strength of a full- 
sized tube might be calculated from the results of the ex- 
periments made with tubes of smaller dimensions. Professor 
Hodgkinson was accordingly celled in, and he proceeded 
to verify and confirm the experiments which Mr. Fairbairn 
had made, and afterwards reduced them to the required 
formulve. 

Mr. Stephenson’s time was so much engrossed with his 
extensive engineering business that he was in a great 
measure precluded from devoting himself to the considera- 
tion of the practical details. The results of the experi- 
ments were communicated to him from time to time, and 
were regarded by him as exceedingly satisfactonly. It 
would appear, however, that while Mr. Fairbairn urged 
the rigidity and strength of the tubes without the aid of 
chains, Mr. Stephenson had not quite made up his mind 
upon the point. Mr. Hodgkinson, also, was strongly in- 
inclined to retain them. Mr. Fairbairn held that it was 
quite practicable to make the tubes “ sufficiently strong to 
sustain not only their own weight, but, in addition to that 
load, 2000 tons equally distributed over the surface of the 
platform,—a load ten times greater than they will ever be 
called upon to support.” 

It was thoroughly characteristic of Mr. Stephenson, and 
of the caution with which he proceeded in every step of 
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this great undertaking—probing every inch of the ground 
before he set down his foot upon it—that he should, early 
in 1856, have appointed his able assistant, Mr. Edwin Clark, 
to scrutinise carefully the results of every experiment, and 
subject them to a separate and indeperalent analysis before 
finally deciding upon the form or dimensions of the struc- 
{ure, or upon any mode of procedure connected with it. 
At length Mr. Stephenson became satisfied that the use of 
auxiliary chains was unnecessary, and that the tubular 
bridge might be made of such strength as to be entirely 
self-supporting. . 

While these important discussions were in progress, mea- 
sures were taken to proceed with the masonry of the bridges 
simultaneously at Conway and the Menai Straits. The 
foundation-stone of the Britannia Bndge was laid on the 
10th April, 1846; and on the 12th May following that of 
the Conway Bridge was laid. Suitable platforms and 
workshops were also erected for proceeding with the punch- 
ing, fitting, and riveting of the tubes; and when these 
operations were in full progress, the neighbourhood of the 
Conway and Britannia Bridges presented scenes of extraor- 
dinary bustle and industry. About 1500 men were em- 
ployed on the Britannia Bridge alone, and they mostly 
lived upon the ground in wooden cottages erected for the 
occasion. The iron plates were brought in ship-loads from 
Liverpool, Anglesea marble from Penmon, and red sand- 
stone from Runcorn, in Cheshire, as wind and tide, and 
shipping and convenience, might determine. There was an 
unremitting clank of hammers, grinding of machinery, and 
blasting of rock, going on from morning till night. In fit- 
ting the Britannia tubes together, not less than 2,000,000 of 
bolts were riveted, weighing some 900 tons. 

The Britannia Bridge consists of two independent con- 
tinuous tubular beams, each 1511 feet in length, and each 
weighing 4680 tons, independent of the cast-iron frames 
inserted at their bearings on the masonry of the towers. 
These immense beams are supported at five places, namely, 
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on the abutments and on three towers, the central of which 
is known as the Great Britannia Tower, 230 feet high, 
built on a rock in the middle of the Strait. The side towers 
are 18 feet less in height than the central one, and the abut- 
ment 35 feet lower than the side towers. The design of 
the masonry is such as to accord with the form of the tubes, 
being somewhat of an Egyptian character, massive and 
wigantic rather, than beautiful, but beariag the unmistakable 
impress of pow: er. 

The bridge has four spans,—two of 460 feet” over the 
water, and two of 230 feet over the land. The weight of 
the larger spans, at the points where the tubes repose on the 
masonry, is not less than 1587 tons. On the centre tower 
the tubes rest solid; but on the land towers and abutments 
they le on roller-beds, so as to allow of expansion and con- 
traction. The road within each tube is 15 feet wide, and 
the height varies from 23 feet at the ends to 30 feet at the 
centre. To give an idea of the vast size of the tubes by 
comparison with other structures, it may be mentioned that 
each length constituting the main spans is twice as long as 
London Monument is high; and if it could be set on end in 
St. Paul’s Churchyard, it would reach nearly 100 feet above 
tho cross. 

The Conway Bridge is, in most respects, similar to the 
Britannia, consisting of two tubes, of 400 feet span, placed 
side by side, each weighing 1180 tons. The principle 
adopted in the construction of the tubes, and the mode of 
floating and raising them, were nearly the same as at the 
Britannia Bridge, though the general arrangement of the 
plates is in many respects different. : 

It was determined to construct the shorter outer tubes 
of the Britannia Bridge on scaffoldings in the positions in 
which they were permanently to remain, and to erect the 
larger tubes upon wooden platforms at high-water-mark on 
the Caernarvon shore, from whence they were to be floated 
in pontoons. 

The floating of the tubes on pontoons, from the places 


CHAP, XVII, FLOATING OF THE TUBES. 333 


where they had been constructed, to the recesses in the ma- 
sonry of the towers, up which they were to be hoisted to 
the positions they were permanently to occupy, was an 
anxious and exciting operation. The first part of this 
process was performed at Conway, wicre Mr. Stephenson 
directed it in’ person, assisted by Captain Claxton, Mr. 
Brunel, and other engineering friends. On the 6th March, 
1848, the pontoons bearing ,the first great tibe of the up- 
line were floated round quietly and majestizally into their 
place between the towers in about twenty minutes. Unfor- 
tunately, one of the sets of pontoons had become slightly 
slued by the stream, by which the Conway end of the tube 
was prevented from being brought home; and five anxious 
days <o all concerned intervened before it could be set 
in its place. In the mean time, the presses and raising 
machinery had been fitted un the towers above, and the 
lifting process was begun on the 8th April, when the 
immense mass was raised 8 feet, at the rate of about 
9 inches a minute. On the 16th, the tube had been raised 
and finally lowered into tts permanent bed; the rails were 
laid along it; and, on the 18th, Mr. Stephenson passed 
through with the first locomotive. The second tube was 
proceeded with on the removal of the first from the plat- 
form, and was completed and floated in seven months. 
The rapidity with which this second tube was constructed 
was in no small degree owing to the Jacquard punching- 
machine, contrived for the purpese by Mr. Roberts of Man- 
chester. This tube was finally fixed in its permanent bed 
on the 2nd of January, 1849. 

The floating and fixing of the great Britannia tubes was 
a still more formidable enterprise, though the experience 
gained at Conway rendered it easy compared with what 
it otherwise would have been. Mr. Stephenson superin- 
tended the operation of floating the first in person, giving 
the arranged signals from the top of the tube on whick 
he was mounted, the active part of the business being per- 
formed by a numerous corps of sailors, under the immediate 
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direction of Captain Claxton. Thousands of spectators 
lined the shores of the Strait on the evening of the 19th 
June, 1849. On the land attachments being cut, the pon- 
toons began to float off; but one of the capstans having 
given way from excessive strain, the tube was brought 
home again for the night. By next morning the defective 
capstan was restored, and all was in readiness for another 
trial. At half-past seven in the evening the tube was 
afloat, and the pontoons swung out into the current like 
a monster pendulum, held steady by the shore guide-lines, 
but increasing in speed to almost a fearful extent as they 
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neared their destined place between the piers. “The success 
of this operation,” says Mr. Clark, “depended mainly on 
properly striking the ‘butt’ beneath the Anglesey tower, 
on which, as upon a centre, the tube was to be veered round 
into its position across the opening.» This position was 
determined by a 12-inch line, which was to be paid out to a 
fixed mark from the Llanfair capstan. The coils of the rope 
unfortunately overrode each other upon this capstan, so 
that if could not be paid ont. In resisting the motion of the 
tube, the capstan was bodily dragged out of the platform by 
the action of the palls, aud the tube was in inminent danger 
of being carried away by the stream, or the pontoons crushed 
upon the rocks. The men at the capstan were all knucked 
duwn, and sume of them thrown-into the water, though 
they made every exertion to arrest the motion of the cap- 
stan-bars. In this dilemmyg Mr. Rolfe, who had charge of 
the capstan, with great presence of mind, called the visitors 
on shore to his assistance; and handing out the spare coil of 
the 12-inch line into the field at the back of the capstan, 
ii was carricd with great rapidity up the field, and a crowd 
of people, men, women, and children, holding on to this huge 
cable, arresting the progress of the tube, which was at length 
brought safely agaist the butt and weered round. The 
Britannia end was then drawn into the recess of the 
masonry by a chain passing through the tower to a crab on 
the far side. ‘The violence of the tide abated, though the 
wind increased, and the Anglesey end was drawn into its 
place beneath the corbelling m the masonry; and as the 
tide went down, the pontoons deposited their valuable cargo 
on the welcome shelf at each end. ‘The successful issue was 
greeted by cannon from the shoro and the hearty cheers of 
many thousands of spectators, whose sympathy and anxiety 
were but too clearly indicated by the unbroken silence with 
which the whole operation had been accompanied.” * By 
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midnight all the pontoons had been got clear of the tube, 
which now hung suspended over the waters of the Strait by 
its two ends, which rested upon the edges cut in the rock 
for the purpose at the base of the Britannia and Anglesey 
towers respectively, xp which the tube had now to be lifted 
by hydraulic power to its permanent place near the summit. 
The accuracy with which the gigantic beam had been con- 
structed may be inferred from the fact that, after passing 
into its place, g clear space remained between the iron 
platitg and the rock outside of it of only about three- 
quarters of ananch! 

Mr. Stephenson’s anxiety was, of course, very great up to 
the time of performing this trying operation. When he had 
got the first tube floatedeat Conway, and saw all safe, he said 
to Captain Moorsom, “ Now I shall go to bed.” But the Bri- 
tannia Bridge was a still more difficult enterprise, and cost 
him many a sleepless night. Afterwards describing his 
feelings to his friend Mr. Gooch, he said: “It was a most 
anxious and harassing time with me. Often at night I 
would lie tossing about, seeking sleep in vain. The tubes 
filled my head. I went to bed with them and got up with 
them. In the grey of the morning, when I looked across 
the Square,* it seemed an immense distance across to the 
houses on the opposite side. It was nearly the same length 
us the span of my tubular bridge!” When the first tube 
had been floated, a friend observed to him, “This great 
work has made you ten years older.” “TI have not slept 
sound,” he replied, “for three weeks.” Sir F. Head, how- 
ever relates, that when he revisited the spot on the following 
morning, he observed, sittmg on a platform overlooking the 
suspended tube, a gentleman, reclining entirely by himself, 
smoking a cigar, and gazing, as if indolently, at the sérial 
gallery beneath him. It was the engineer himself, con- 
templating his new-born child. He had strolled down from 


No. 34, Gloucester Square, Hyde Purk, where he lived. 


Chap. XVII. THE HYDRAULIC PRESS BURSTS. 337 


the neighbouring village, after his first sound and refreshing 
sleep for weeks, to behold in sunshine and solitude, that 
which during a weary period of gestation had been either 
inysteriously moving in his brain, or, ike a vision—some- 
times of good omen, and sometimes“f evil—had, by night 
as well as by day, been flitting across his mind. 

The next process was the lifting of the tube into its 
place, which was performed very delijerately and cau- 
tiously. It was raised by powerful hydramlic presses, only 
a few feet at a timo, and carefully under-built, beford being 
raised to a further height. When it hadgbeen got up by 
suctcssive stages of this kind to about 24 feet, an extraordi- 
nary accident occurred, during Mr. Stephenson’s absence in 
London, which he afterwards deséribed to the author in as 
nearly as possible the following words :—‘“In a work of 
such novelty and magnitude, you may readily imagine how 
anxious I was that every possible contingency should be 
provided for. Where one chain or rope was required, I 
provided two. J was not satisfied with ‘enough:’ I must 
have absolute security, as far as that was possible. I knew 
the consequences of failure would be most disastrous to the 
Company, and that the wisest economy was to provide for 
all contingencies at whatever cost. When the first tube at 
the Britannia had been successfully floated between the 
piers, ready for being raised, my young engineers were very 
much elated; and when the hoisting apparatus had been 
fixed, they wrote to me saying,—‘ We are now all ready for 
raising her: we could do it in a day, or in two at the most. 
But my reply was, ‘No: you must only raise the tube inch 
by inch, and you must build up under it as you rise. Every 
inch must be made good. Nothing must: be left to chance or 
good luck.’ And fortunate it was that I insisted upon this 
cautious course being pursued; for, one day, while the 
hydraulic presses were at work, the bottom of one of them 
burst clean away! The crosshead and the chains, weighing 
more than 50 tons, descended with a fearful crash upon the 
press, and the tube itself fell down upon the packing 
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beneath. Though the fall of the tube was not more than 
nine inches, it crushed solid castings, weighing tons, as 
if they had been nuts. The tube itself was slightly strained 
and deflected, though it still remained sufficiently service- 
able. But it was a tremendous test to which it was put, 
for a weight of upwards of 5000 tons falling even a few 
inches must be admitted to be a very sorious matter. That 
it stood so well, was extraordinary. Clark immediately 
wrote me an atcount of the circumstance, in which he 
said, ‘Thank God, you have been so ¢bstinate. For if 
this accident Ind occurred without a bed for the end of 
the tube to fall on, the whole would now have been lying 
across the bottum of the Straits.’ Five thousand pounds 
extra expense was caused by this accident, slight though 
it might seem. But careful provision was made against 
future failure ; a new and improved cylinder was provided : 
and the work was wery soon advancing satisfactorily to- 
wards completion.” 

When the Queen first visited the Britannia Bridge, on 
her return from the North in 1852, Robert Stephenson 
accompanied Her Majesty and Trince Albert over the 
works, explaining the principles on which the bridge had 
been built, and the difficulties which had attended its 
erection. He conducted the Royal party to near the margin 
of the sea, and, after describing to them the incident of the 
fall of the tube, and the reason of its preservation, ‘he 
pointed with pardonable pride to a pile of stones which 
the workmen had there raised to commemorate the event. 
While nearly all the other marks of the work during its 
progress had been obliterated, that cairn had been left 
standing in commemoration of the caution and foresight of 
their chief. 

The floating and raising of the remaining tubes need not 
be described in detail. ‘The second was floated on the 8rd 
December, and set in its permanent place on the 7th January, 
1850. The others were floated and raised in due course. 
On the 5th March, Mr. Stephenson put the last rivet in the 
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last tube, and passed through the completed bridge, accom- 
panied by about a thousand persons, drawn by three loco- 
motives. The bridge was opened for public traffic on the 
18th March. ‘The cost of the whole work was 234,450. 





The Britannia Bridge. (By Percival Skelton.) 


The Britannia Bridge is one of the most remarkable 
monuments of the enterprise and skill of the present century. 
Robert Stephenson was the master spirit of the under- 
taking. To him belongs the merit of first seizing the ideal 
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conception of the structure best adapted to meet the neces- 
sities of the case; and of selecting the best men to work 
out his idea, himself watching, controlling, and testing 
every result, by independent check and counter-check. 
And finally, he organised and directed, through his assist- 
ants, the vast band of skilled workmen and labourers who 
were for so many years occupied In carry ing his magnificent 
original conceptien to a successfel practical issue. As he 
himself ‘said of the work,—* The true and accurate calcula- 
tion of all the conditions and elements essential to the 
safety of the briége had been a source not only of mental 
but of bodily foil: including, as it did, a combination of 
abstract thought and well-considered experiment adequate 
to the magnitude of the project.” 

The Britannia Bridge was the result of a vast combina- 
tion of skill and industry. But for the perfection of our 
tools and the ability of our mechanics to use them to the 
greatest advantage; but for the matured powers of the 
steam-engine; but for the improvements in the iron manu- 
facture, which enabled blooms to be puddled of sizes before 
deemed impracticable, and plates and bars of immense size 
to be rolled and forged ; but for these, the Britannia Bridge 
would have been designed in vain. Thus, it was not the 
product of the genius of the railway engineer alone, but of 
the collective mechanical genius of the English nation, 





Conway Bridge.— Floating the First ‘T'ube, 
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CHAPTER AVIIL 


GEORGE STEPHENSON’s Chosinc YEARS — ILLNESS AND Drath. 


Ix descriting the completion of the series of great works 
detailed in the preceding chapter, we have somewhat anti- 
clpated the closing years of George Stephenson’s hfe. He 
could not fail to take an anxious interest in the success of 
his son's designs, and he accordingly paid many visits to 
Conway and to Menai, during the progress of the works. 
Ile was present on the occasion of the floating and raising 
of the first Conway tube, and there witnessed a clear proof 
of the soundness of Robert's judgment as to the efficiency 
and strength of the tubular bridge, of which he had at first 
expressed some doubts; but before the like test could be 
applicd at the Britannia Bridge, George Stephenson’s mortal 
anxieties were at an end, for he had then ceased from all 
his labours. 

Towards the close of his life, George Stephenson almost 
entircly withdrew from the active pursuit of his profession. 
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he devoted himself chiefly to his extensive collieries and 
lime-works, taking a local interest only in such projected 
railways as were calculated to open up new markets for 
their products. 

At home he lived tHe life of a country gentleman, enjoy- 
ing his garden and grounds, and indulging his love of 
nature, which, through all his busy life, had never left him. 
It was not until,,the year 1845,that he took an active 
interest in hortioaltural pursuits. Then he began to build 
new melon-houses, pineries, and vineries, of great extent ; 
and he now seeized as eager to excel all other growers of 
exotic plants in his neighbourhood, as he had been to 
surpass the villagers of Killingworth in the production of 
gigantic cabbages and cauliflowers some thirty years before. 
He had a pine-house built 68 feet in length and a pinery 
140 feet. Workmen were constartly employed in enlarging 
them, until at length he had no fewer than ten glass 
forcing-houses, heated with hot water, which he was one 
of the first in that neighbourhood to make use of for such 
a purpose. He did not take so much pleasure in flowers as 
in fruits. At one of the county agricultural meetings, he 
said that he intended yet to grow pine-apples at ‘l'apton 
as big as pumpkins. The only man to whom he would 
“knock under” was his friend Paxton, the gardener to the 
Duke of Devonshire; and he was so old in the service, 
and so skilful, that he could scarcely hope to beat him. 
Yet his “Queen” pines did take the first prize at a competi- 
tion with the Duke,—though this was not until shortly after 
his death, when the plants had become more fully grown. 
His grapes also took the first prize at Rothorham, at a com- 
petition open to all England. He was extremely successful 
in producing melons, having invented a method of sus- 
pending them in baskets of wire gauze, which, by relieving 
the stalk from tension, allowed nutrition to proceed more 
freely, and better enabled the fruit to grow and ripen. 

He took much pride also in his growth of cucumbers. 
Hoe raised them very fine and large, but he could not make 
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them grow straight. Place them as he would, notwith- 
standing all his propping of them, and humouring them by 
modifying the application of heat and the admission of 
hight tur the purpose of effecting his object, they would 
still insist on growing crooked in tl®ir own way. At last 
he had a number of glass cylinders made at Newcastle, for 
the purpose of an experiment; into these the growing 
cucumbers were snserted, and then he succeeded in grow- 
ing them perfectly straight. Carrying gne of the new 
products into hig house one day, and exhibiting ft to a 
party of visitors, he told them of the exyedient he had 
adopted, and added gleefully, “I think 1 have bothered 
them noo!” 

Myr. Stephenson also carried om farming operations with 
some success. Ile experimented on manure, and fed cattle 
after methods of his own. He was very particular as to 
breed and build in stock-breeding. ‘“ You see, sir,” he said 
to one gentleman, “I like to see the coo’s back at a gradient 
something like this” (drawing an imaginary line with his 
hand), “and then tho ribs or girders will carry more flesh 
than if they were so—or so.” When he attended the 
county agricultural meetings, which he frequently did, he 
was accustomed to take part in the discussions, and he 
brought the same vigorous practical mind to bear upon 
questions of tillage, drainage, and farm economy, which he 
had been accustomed to exercise on mechanical and en- 
gineering, matters. 

All his early affection for birds and animals revived. 
He had favourite dogs, and cows, and horses; and again he 
began to keep rabbits, and to pride himself on the beauty 
of his breed. There was not a bird’s nest upon the grounds 
that he did not know of; and from day to day he went 
round watching the progress which the birds made with 
their building, carefully guarding them from injury. No 
one was more minutely acquainted with the habits of 
British birds, the result of a long, loving, and close observa- 
tion of nature. 
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At Tapton he remembered the failure of his early ex- 
periment in hatching birds’ eggs by heat, and he now 
perfurmed it successfully, being able to secure a proper 
apparatus for maintaining a uniform temperature. He was 
also curions about the! breeding and fattening of fowls; and 
when his friend Edward Pease of Darlington visited him 
at ‘l'apton, he explained a method which he had invented 
for fattening chickens in half the usual tiene. 

Mrs. Ste wihenen tried to keep bees, but found they would 
not thrive at Tapton. Many hives perished, and there was 
no case of sucg:ss. The cause of failure was a puzzle to 
the engineer; but one day his acute powers of observation 
enabled him to unravel it. At the foot of the hill on which 
Tapton House stands, he saw some bees trying to rise up 
from amongst the grass, laden with honey and wax. They 
were already exhausted, as if with long flying; and then 
it occurred to him that the height at which the house stood 
above the bees’ feeding-ground rendered it difficult for 
them to reach their hives when heavy laden, and hence 
they sank exhausted. He afterwards incidentally men- 
tioned the circumstance to Mr. Jesse the naturalist, who 
concurred in his view as to the cause of failure, and was 
much struck by the keen observation which had led to its 
solution. 

Mr Stephenson had none of the in-door habits of the 
student. He read very little; for reading 1s a habit which 
is generally acquired in youth; and his youth and manhood 
had been for the most part spent in hard work. Books 
wearied him, and sent him to sleep. Novels excited his 
feclings too much, and he avoided them, though he would 
occasionally read through a philosophical book on a subject 
in which he felt particularly interested. He wrote very 
few letters with his own hand; nearly all his letters were 
dictated, and he avoided even dictation when he could. 
His greatest pleasure was in conversation, from which he 
gathered most of his imparted information. 

It was his practice, when about to set out on a journey by 
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railway, to walk along the train before it started, and look 
into the carriages to see if he could find “a conversable 
face.” On one of these occasions, at the Euston Station, he 
discovered in a carriage a very handsome, manly, and 
intelligent face, which he afterwards found was that of 
the late Lord Denman. Ie was on his way down to his 
seat at Stony Middleton, in Derbyshire. Mr. Stephenson 
entered the carriagp, and the two were shortly engaged in 
interesting conversation. ‘It turned upon thronometry and 
horology, and the engineer amazed his lordship by the 
extent of his knowledge on the subject, in which he dis- 
played as much minute information, even do®n to the latest 
improvements in watchmaking, as if he had been bred a 
watchmaker and lived by the trade. Lord Denman was 
curious to know how a man whose time must have been 
mainly engrossed by engipecring, had gathered so much 
knowledge on a subject quite out of his own line, and he 
asked the question, “I learnt clockmaking and watch- 
making,” was the answer, “ while a working man at Killing- 
worth, when I made a little money in my spare hours, by 
cleaning the pitmen’s clocks and watches; and since then 
J have kept up my information on the subject.” This led 
to further questions, and then Mr. Stephenson told Lord 
Denman the interesting story of his life, which held him 
entranced during the remainder of the journey. 

Many otf his friends readily accepted invitations to Tapton 
House to enjoy his hospitality, which never failed. With 
them he would “fight his battles o’er again,” reverting to 
his battle for the locomotive; and he was never tired of 
telling, nor were his auditors of listening to, the lively 
anecdotes with which he was accustomed to illustrate the 
struggles of his early career. Whilst walking in the woods 
or through the grounds, he would arrest his friend’s 
attention by allusion to some simple object,—such as a leaf, 
a blade of grass, a bit of bark, a nest of birds, or an ant 
carrying its eggs across the path,—and descant in glowing 
terms upon the creative power of the Divine Mechanician, 
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whose contrivances were so exhaustless and so wonderful. 
This was a theme upon which he was often accustomed to 
dwell in reverential admiration, when in the socicty of his 
more intimate friends. 

One night, when walking under the stars, and gazing up 
into the field of suns, each the probable centre of a system, 
forming the Milky Way, a friend said to him, “ What an in- 
significant creature 1s man in sight of so jmmense a creation 
as that!” “YeS!” was his reply; “but bow wonderful a 
creature also is man, to be able to think and reason, and 
even In some measure to comprehend works so infinite!” 

A inicroscope, which he had brought down to Tapton, 
was a source of Immense enjoyment to him; and he was 
never tired of contemplating the minute wonders which it 
revealed. One evening, when some fricnds were visiting 
him, he induced them cach to puncture their skin so as to 
draw bleod, in order that he might examine the globules 
through the microscope. Ono of the gentlemen present was 
a teetotaller, and Mr. Stephenson pronounced his blood to 
be the most lively of the whole. He had a theory of his 
own about the movement of the globules in the blood, which 
has since become familiar. It was, that they were respec- 
tively charged with clectricity, positive at one end and 
negative at the other, and that thus they attracted and 
repelled each other, @.using a circulation. No sooner did 
he observe anything new, than he immediately set about 
devising a reason for it. His training in mechanics, his 
practical familiarity with matter in all its forms, and the 
strong bent of his mind, led him first of all to seek for a 
mechanical explanation. And yet he was ready to admit that 
there was a something in the principle of /1fe—so mysterious 
and inexplicable—which baftled mechanics, and scemed to 
dominate over and control them. He did not care much, 
either, for abstruse mechanics, but only for the experimental 
and practical, as is usually the case with those whose know- 
ledge has been self-acquired. 

Even at his advanced age, the spirit of frolic had not left 
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him. When proceeding from Chesterfield station to Tapton 
House with his 
friends, he would e Sy 
almost invariably BE Qn 
challenge them to 
a race up the steep 
path, partly formed “hey Saige 
of stone stcps, alonge 9." s 
the hill side, Aud sss 
he would struggle,» 
as of old, to kecp 
the front place, 
though by this time 
his “wind” had 
greatly failed. He 
would occasionally 
invite an old friend 
to take a quiet 
wrestle with him 
on the lawn, to 
keep up his skill, 
and perhaps to try 
some new “knack” 
of throwing. In 
the evening, he 
would sometimes 
indulge his visitors by reciting the old pastoral of » Damon 
and Phyllis,” or singing his favourite song of “ John Ander- 
son my Joe.” But his greatest glory amongst those with 
whom he was most intimate, was a“ crowdie!” “ Let's have 
a crowdie night,” he would say; and forthwith a kettle of 
boiling water was ordered in, with a basin of oatmeal. 
Taking a large bowl, containing a sufficiency of hot water, 
and placing it between his knees, he poured in oatmeal with 
one hand, and stirred the mixture vigorously with the 
other. When enough meal had been added,and the stirring 
was completed, the crowdie was made. It was then supped 
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with new milk, and Stephenson generally pronounced it 
“capital!” It was the dict to which he had been accus- 
temed when a working man, and all the dainties with 
which he had become familar in recent years had not 
spoiled his simple fastes. To enjoy crowdie at his age, 
besides, indicated that he still possessed that quality on 
which no doubt much of his practical success in life had 
depended,—a strong and healthy digestien. 

Tie would alse frequently invite to his house the humbler 
companions of his early hfe, and take pleasure in talking 
aver old timeg with them. He never assumed any of the 
bearings of a great man on such occasions, but treated the 
visitors with the same friendliness and respect as if they 
had been his equals, sending them away pleased with them- 
selves and delighted with him. At other times, needy men 
who had known him in youth weuld knock at his door, and 
they were never refused access. But if he had heard of 
any misconduct on their part he would rate them soundly. 
One who knew him intimately in private life has seen him 
exhorting such backsliders, and denouncing their miscon- 
duct and imprudence with the tears streaming down his 
checks. And he would generally conclude by opening his 
purse, and giving them the help which they necded “to 
make a fresh start in the world.” 

Mr. Stephenson's life at 'lapton during his lattor years 
was occasionally diversified with a visit ee London. Tis 
engineering business having become limited, he generally 
went there for the purpose of visiting friends, or “to see 
what there was fresh going on.” He found a new race of 
engincers springing up on all hands—men who knew him 
not; and his London journeys gradually ceased to yield 
him pleasure. A friend used to take him to the opera, 
but by the end of the first act, he was generally in a pro- 
found slumber. Yet on one occasion he enjoyed a visit to 
the Haymarket with a party of friends on his birthday, to 
see 'T'. P. Cooke, in “ Black-eyed Susan ;”—if that can be 
called enjoyment which kept him in a state of tears during 
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half the performance. At other times he visited New- 
castle, which always gave him great pleasure. He would, 
on such occasions, go out to Killingworth and seek up 
old friends, and if the people whom he knew were too 
retiring, and shrunk into their cottages, he went and 
sought them there. Striking the floor with his stick, 
and holding his noble person upright, he would say, in his 
own kind way, “ Well, and how’s all here to-day?” To 
the last he had always a warm heart for Newcastle and its 


neighbourhood. =» : 
Sir Robert Peel, on more than one ocgasion, invited 


George Stephenson to his mansion at Drayton, where he was 
accustomed to assemble round him men of the highest dis- 
tinction in art, science, and legislation, during the intervals 
of his parliamentary life. The first invitation was respect- 
fully declined. Sir Robert ,invited him a second time, and 
a second time he declined: “I have no great ambition,” 
he said, “to mix in fine company, and perhaps should feel 
out of my element amongst such high folks.” But Sir 
Robert a third timo pressed him to come down to Tam. 
worth early in January, 1845, when he would meet Buck- 
land, Follett, and others well known to both. “ Well, Sir 
Robert,” said he, “I feel your kindness very much, and can 
no longer refuse : I will come down and join your party.” 
Mr. Stephenson’s strong powers of observation, together 
with his native humour and shrewdness, imparted to his 
conversation at all times much vigour and originality, 
and made him, to young and old, a delightful companion. 
Though mainly sn engineer, he was also a profound thinker 
on many scientific questions: and there was scarcely a 
subject of speculation, or a department of recondite science, 
on which he had not employed his faculties in such a way 
as to have formed large and original views. At Drayton, 
the conversation usually turned upon such topics, and 
Mr. Stephenson freely joincd in it. On one occasion, an 
animated discussion took place between himself and Dr. 
Buckland on one of his favourite theorics as to the forma- 
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tion of coal. But the result was, that Dr. Buckland, o 
much greater master of tongue-fence than Mr. Stephenson, 
completely silenced him. Next morning, before breakfast, 
when he was walking in the grounds, deeply pondering, 
Sir William Follett same up and asked what he was think- 
ing about? “Why, Sir William, I am thinking over that 
argument I had with Buckland last night ; I know I am 
right, and that if I had only the command of words which 
he has, I'd have ‘eaten him.” ‘ Let me know all about it,” 
said Sir William, “and I'll see what J can do for you.” 
The two sat down in an arbour, and the astute lawyer 
made himself thoroughly acquainted with the points 
of the case; entering into it with all the zeal of an 
advocate about to plead the dearest interests of his 
client. After he had mastered the subject, Sir William rose 
up, rubbing his hands with glee, and said, “Now I am 
ready for him.” Sir Robert Peel was made acquainted with 
the plot, and adroitly introduced the subject. of the contro- 
versy after dinner. The result was, that in the argument 
which followed, the man of science was overcome by the 
man of law; and Sir William Follett had at all points the 
mastery over Dr. Buckland. “What do you say, Mr. Ste- 
phenson ?” asked Sir Robert, laughing. “ Why,” said he, “I 
will only say this, that of all the powers above and under* 
the earth, there seems to me to be no power so great as the 
gift of the gab.” * 

One Sunday, when the party had just returned from 
church, they were standing together on the terrace near 
the Hall, and observed in the distance a railway-train 
flashing along, tossing behind its long white plume of 
steam. “Now Buckland,” said Stephenson, “I have a 
poser for you. Can you tell me what is the power that is 
driving that train?” “ Well,” said the other, “1 suppose 
it is one of your big engines.” “But what drives the 
engine?” “Oh, very likely a canny Newcastle driver.” 


* The above anecdote is given on the authority of Mr. Sopwith, F.R.S. 
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What do you say to the light of the sun?” “How can 
that be?” asked the doctor. “It is nothing else,” said the 
engineer “it is light bottled up in the earth for tens of 
thousands of years,—light, absorbed by plants and vege- 
itubles, being necessary for the condensation of carbon 
during the process of their growth, if it be not carbon 
in another form,—and now, after being buried in the earth 
for long ages in fields of coal, that latent light Is again 
brought forth and liberated, made to work. as in that loco- 
motive, for great human purposes.” 

During the same visit, Mr. Stephensoy, one evening 
repeated ae experiment with blood drawn from the finger, 
submitting it to the microscope in order to show the curious 
circulation of the globules. He set the example by pricking 
his own thumb; and the other guests, by turns, in like 
manner, gave up a small portion of their blood for the 
purpose of ascertaining the comparative livelinesss of their 
circulation. When Sir Robert Peel’s turn came, Mr. Ste- 
phenson said he was curious to know “how the blood 
globules of a great politician would conduct themselves.” 
Sir Robert held forth his finger for the purpose of being 
pricked ; but once, and again, he sensitively shrunk back, 
cand at length the experiment, so far as he was concerned, 
was abandoned. Sir Robert Pcel’s sensitiveness to pain was 
extreme, and yet he was destined, a few years after, to die 
w death of the most distressing agony. 

In 1847, the year before his death, Mr. Stephenson was 
again invited to join a distinguished party at Drayton 
Manor, and to assist in the ceremony of formally opening 
the Trent Valley Railway, which had been originally 
designod and laid out by himself many years before. The 
first sod of the railway had been cut by the Prime Minister, 
in November, 1845, during the time when Mr. Stephenson 
was abroad on the business of the Spanish railway. The 
forma] opening took place on the 26th June, 1847, the line 
having thus been constructed in less than two years. 

What a change had come over the spirit? of the landed 
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gentry since the time when George Stephenson had first 
projected a railway through that district! Then they were 
up in arms against him, characterising him as the devastator 
and spoiler of their estates; now he was hailed as one of 
the greatest benefactors of the age. Sir Robert Peel, the 
chief political personage in England, welcomed him as a 
guest and friend, and spoke of him as the chief among 
practical philosqphers. A dozen memMers of Parliament, 
seven baronets,¢with all the landed magnates of the district, 
assembled to celebrate the opening of*the railway. The 
clergy were there to bless the enterprise, and to bid all 
hail to railway progress, as “ enabling them to carry on 
with greater facility those operations in connexion with 
rchgion which were caiculated to be so beneficial to the 
country.” The army, speaking through the mouth of 
General A’Court, acknowledged the vast importance of 
raiiways, as tending to improve the military defences of the 
country. And representatives from eight corporations were 
there to acknowledge the great benefits which railways 
had conferred upon the merchants, tradesmen, aud working 
classes of their respective towns and cities. 

In the spring of 1848 Mr. Stephenson was invited to 
Whittington House, near Chesterfield, the residence of his 
friend and former pupil, Mr. Swanwick, to mect the dis- 
tinguished American, Emerson. Upon being introduced, 
they did not immediately engage in conversation; but 
presently Stephensun jumped up, took Eiaerson by the 
collar, and giving him one of his friendly shakes, asked 
how it was that in England we could always tell an 
American? ‘This led to an interesting conversation, in the 
course of which Emerson said how much he had been 
everywhere struck by the haleness and comeliness of the 
English men and women; and then they diverged into 
a further discussion of the influences which air, climate, 
mvisture, soil, and other conditions excrcised upon the 
physical and moral development of a people. ‘The con- 
versation was next directed to the subject of electricity, 
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upon which Stephenson launched out enthusiastically, ex- 
plaining his views by several simple and striking illus- 
trations. From thence it gradually turned to the events 
of his own life, which he related in so graphic a manner as 
completely to rivet the attention of the American. After- 
wards Emerson said, “that it was worth crossing the 
Atlantic to have seen Stephenson alone; he had such na- 
tive force of charact@r and vagour of intelleet.” 

The rest of Mr. Stephenson's days wer® spent quietly 
at Tapton, amongs? his dogs, his rabbits, and his birds. 
When not engaged about the works conngsted with his 
collieries, he was occupied in horticulture and farming. 
He continued proud of his flowers, his fruits, and his crops; 
and the old spirit of competition was still strong within 
him. Although he had for some time been in delicate 
health, and his hand shook from nervous affection, he 
appeared to possess a sound constitution. Emerson had 
observed of him that he had the lives of many men 
in him. But perhaps the American spoke figuratively, in 
reference to his vast stores of experience. Itappeared that 
he had never completely recovered from the attack of 
pleurisy which seized him durimg his return from Spain. 
As late, however, as the 26th July, 1848, he felt himself 
sufficiently well to be able to attend a meeting of the 
Institute of Mechanical Engineers at Birmingham, and to 
read to the members his paper “On the Fallacies of the 
Rotatory Engine.” It was his last appearance before them. 
Shortly after his return to Tapton, he had an attack of 
intermittent fever, from which he seemed to be recovering, 
when a sudden effusion of blood from the lungs carried 
him off, on the 12th August, 1848, in the sixty-seventh 
year of his age. When all was over, Robert wrote to 
Edward Pease, “With deep pain I inform you, as one of 
his oldest friends, of the death of my dear father this 
morning at 12 o'clock, after about ten days’ illness from 
severe fever.” Mr. Starbuck, who was also present, wrote, 
“The favourable symptoms of yesterday nforning were 
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towards evening followed by a serious change for the worso. 
This continued during the night, and early this morning it 
became evident that he was sinking. At a few minutes 
before 12 to-day he breathed his last. All that the most 
devoted and unremitting care of Mrs. Stephenson * and the 
skill of medicine could accomplish, has been done, but 
in vain.” 

George Stepbenson’s remains were fc:lowed to the grave 
by a large bod: of his workpeople, by whom he was greatly 
admired and beloved. They remembcred him as a kind 
master, who ws ever ready actively to promote all measures 
fur their moral, physical, and mental improvenient. The 
inhabitants of Chesterfield evinced their respect for the 
deceased by suspending business, closing thei: shops, and 
joining in the funeral procession, which was headed by the 
corporation of the town. Manr of the surrounding gentry 
also attended. ‘The body was intcrred in Trinity Church, 
Chesterfield, where a simple tablet marks the great engi- 
neer’s last resting-place. 

The statue of George Stephenson, which the Liverpool 
and Manchester and Grand Junction Companies had com- 
missioned, was on its way to England when his death 
occurred; and it served for a monument, though his best 
monument will always be his works. The statue referred 
to was placed in St. George’s Hall, Liverpool. A full-length 
statue of him, by Bailey, was also erected a faw years later, 
in the noble vestibule of the London and North-Western 
Station, in Euston Square. A subscription for the purpose 
was set on foot by the Society of Mechanical Engineers, of 
which he had been the founder and president. A few 
advertisements ‘were inserted in the newspapers, inviting 
subscriptions; and it is a notable fact that the voluntary 
offerings included an averafe of two shillings each from 


® 


* The second Mrs. Stephenson months before his death. Ths third 
having died in 1845, George mar- Mrs. Stephenson had for some time 
vied a third tim@ in 1848, ebout six been his housekceper. 
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3150 working men, who embraced this opportunity of doing 
honour to their distinguished fellow workman. 

But unquestionably the finest and most appropriate statue 
to the memory of George Stephenson is that erected in 1862, 
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Trinity Church, Chesterfield, ¢ 


after the design of John Lough, at Newcastle-upon Tyne. 
It is in the immediate neighbourhood of the Literary and 
Philosophical Institute, to which both George and his son 
Robert were so much indebted in their early years ; close to 
the great Stephenson locomotive foundry established by 
the shrewdness of the father; and in the vicinity of the 
High Level Bridge, one of the grandest products of the 
genius of the son. The head of Stephenson, as expressed 
in this noble work, is massive, characteristic, and faithful ; 
and the attitude of the figure is simple yet manly and 
energetic. It stands on a pedestal, at the respective corners 
of which are sculptured the recumbent figure® of a pitman, 
a mechanic, = engine-driver, and a plate-layer. The statue 
a o 2 
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appropriately stands in a very thoroughfare of working- 
men, thousands of whom sec it daily as they pass to and 
from their work; and we can imagine them, as they look 
up to Stephenson’s manly figure, applying to it the words 
addressed by Robert Nicoll to Robert Burns, with perhaps 
still greater appropriateness :— 
* Before the proudest of the earth 
We stand, with an niplifted brow; 
Like us, thou wast a toiling man,— 
And we are noble, now!” 


The portraitprefixed to this volume gives a good indica- 
tion of George Stephenson’s shrewd, kind, honest, manly 
face. His fair, clear countenance was ruddy, and seemingly 
glowed with health. The forehead was large and high, 
projecting over the eyes, and there was that massive breadth 
across the lower part which is” usually observed in men of 
eminent constructive skill. The mouth was firmly marked, 
and shrewdness and humour lurked there as well as in the 
keen grey eye. His frame was compact, well-knit, and 
rather spare. His hair became grey at an carly age, and 
towards the closo of his jife it was of a puro silky whiteness. 
He dressed neatly in black, wearmg a white neckcloth ; and 
his face, his person, and his deportment at once arrested 
attention, and marked the Gentleman. 


wf Ties ie al at 


$+ 
u i}! prs 
a vyeighdste 


‘al nn oo {Li ee 





| 
, 
sO | 
Zz 
wire wivenee reo " 
wae pleD aves . bomb. 2088 OF voane ; 


atom aces ar Tee homer Anas { | 
| 
i 
{ 
j 


————— 
Se ee ee ee 


—_>- -. 


Eoetnmed 


ra 


GEORGE STYPHENSON 


wre BIg® aus at One 
Awte eR VEARQ 


! 
A 
7 -~ " - (77s 


‘ os | 
i HAI TTL 
gee um Tae He mate ia 


an 


- a a 
— 


— 
ee 

eNO e eeee 
-—— 


Tablet in Trinity Church, Chesterfield. 
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Victoria Bridge, Montreal. 
e 


CHAPTER XIX. 


Rozsert StTEerHEeNson’s Victoria Briner, Lower Canapa — 
InLNEss AND DEATH — STEPHENSON CHARACTERISTICS. 


Grorcr Stephenson bequeathed to his son his valuable 
collieries, his share in the engine manufactory at Newcastle, 
and his large accumulation of savings, which, together with 
tho fortune he had himsclf amassed by railway work, gave 
Robert the position of an engineer millionaire—the first of 
his order. He continued, however, to live in a quiet style; 
and although he bought occasional pictures and statues, and 
indulged in the luxury of a yacht, he did not live up to his 
income, which went on rapidly accumulating until his death. 

There was no longer the necessity for applying himself 
to the laborious business of a parliamentary engineer, m 
which he had now been occupied for some fifteen years. 
Shortly after his father’s death, Edward Pease strongly 
recommended him to give up the more haragging work of 
his profession; and his reply (15th June, 1850) was as 
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follows :—“ The suggestion which your kind note contains 
is quite in accordance with my own feelings and intentions 
respecting retirement; but I find it a very difficult matter 
to bring to a close so complicated a connexion in business 
as that which has‘been established by twenty-five years of 
active and arduous professional duty. Comparative retire- 
ment is, however, my intention; and I trust that your 
prayer for the Divine blessing to graxt me happiness and 
quiet comfor¢, will be fufilled. I cannot but feel deeply 
grateful to the Great Disposer of events for the success 
which has hitherto attended my exertions in life; and I 
trust that the future will also be marked by a continuance 
of His mercies.” 

Although Robert Stephenson, in conformity with this 
expressed intention, for the most part declined to undertake 
new business, he did not altazether lay aside his harness ; 
and he lived to repeat his tubular bridges both in Lower 
Canada and in Egypt. The success of the tubular system, 
us adopted at Menai and Conway, was such as to recom- 
mend it for adoption wherever great span was required ; 
and the peculiar circumstances connected with the naviga- 
tion of the St. Lawrence and the Nile, may be said to havo 
compelled its adoption in carrying railways across those 
great rivers. 

The Victoria Bridge, of which Robert Stephenson was 
the designer and chief engineer, is, without exception, the 
greatest work of the kind in the world. For gigantic pro- 
portions and vast length and strength there is nothing to 
compare with it in ancient or modern times. The entire 
bridge, with its approaches, is only about sixty yards short 
of two miles, being five times longer than the Britannia 
across the Menai Straits, seven and a half times longer than 
Waterloo Bridge, and more than ten times longer than the 
new Chelsea Bridge across the Thames! It has not less 
than twenty-four spans of 242 feet each, and one great 
central span—itself an immense bridge—of 330 feet. The 
road is carricd within iron tubes 60 feet above the level of 
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the St. Lawrence, which runs beneath at a speed of about 
en miles an hour, and in winter brings down the ice of two 
chousand square miles of lakes and rivers, with their nume- 
rous tributaries. The weight of iron in the tubes is about ten 
thousand tons, supported on massive Piers, which contain, 
some six, and others ten thousand tons of solid masonry. 

So gigantic a work, involving so heavy an expenditure 
—about 1,300,000A—was pot projected without sufficient 
cause. The Grand Trunk Railway of Canada, upwards ct 
1200 miles in length, traverses British North Americ& from 
the shores of the Atlantic to the rich prairie country of the 
Yar West. It opens up a vast extent of fertile territory for 
future immigration, and provides a ready means for trasport- 
ing the varied products of the Western States to the sea- 
board. So long as the St. Lawrence was relied upon, the 
inhabitants along the Great Valley were precluded from 
communication with each other for nearly six months ot 
the year, during which the navigation was closed by the ice. 

The Grand Trunk Railway was designed to furnish a 
line of communication through this great district at all 
seasous; following the course of the St. Lawrence along its 
north bank, and uniting the principal towns of Canada. 
But stopping short on the north shore, it was still an in- 
complete work; unconnected, except by a dangerous and 
often impracticable ferry, with Montreal, the capital of the 
province, and shut off from connection with the United 
States, as well as with the coast to which the commerce of 
Canada naturally tends. Without a bridge at Montreal, 
therefore, it was felt that the system of Canadian raul- 
way communication would have been incomplete, and the 
benefits of the Grand Trunk Railway in a great measure 
nugatory. 

As early as 1846 the construction of a bridge across the 
St. Lawrence at Montreal was strongly advocated by 
the local press for the purpose of directly connecting that 
city with the then projected Atlantic and St. Lawrence 
Railway. A survey of the bridge was*made, and the 


860 THE DESIGN. (Hap, XIX, 


scheme was reported to be practicable. A period of colonial 
depression, however, intervened, and although the project 
was not lost sight of, it was not until 1852, when the Grand 
Trunk Railway Company began their operations, that there 
seemed to be any ressonable prospect of its being carried 
out. In that year, Mr. A. M. Ross—who had superintended, 
under Robert Stephenson, the construction of the tubular 
bridge over the Conway—visited Canada, and inspected the 
site of the propésed bridge, when he readily arrived at the 
conclusion that a like structure was suitable for the crossing 
of the St. Lawrence. He returned to England to confer 
with Robert Stchhenson on tho subject, and the result was 
the plan of the Victoria Bridge, of which Robert Stephenson 
was the designer, and Mr, A. M. Ross the joint and resident 
engineer. 

The particular kind of structyre to be adopted, however, 
formed the subject of much preliminary discussion. Even 
after the design of a tubular bridge had been adopted, 
and the piers were commenced, the plan was made the 
subject of severe criticism, on the ground of its alleged 
excessive cost. It therefore became necessary for Mr. 
Stephenson to vindicate the propriety of his design in a 
report to the directors of the railway, in which he satisfac- 
torily proved that as respected strength, efficiency, and 
economy, with a view to permanency, the plan of the 
Victoria Bridge was unimpeachable. There were various 
methods proposed for spanning the St. Lawrence. The 
suspension bridge, such as that over the river Niagara, was 
found inapplicable for several reasons, but chiefly because 
of its defective rigidity, which greatly limited the speed and 
weight of the trains, and consequently the amount of traffic 
which could be passed over such a bridge. Thus, taking the 
length of the Victoria Bridge into account, it was found 
that not more than 20 trains could pass within the 24 
hours, a number insufficient for the accommodation of the 
anticipated traffic. To introduce such an amount of mate- 
rial into the suspension bridge as would supply increased 
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rigidity, would only be approximating to the original beam, 
and neutralizing any advantages in point of cheapness 
which might be derivable from this form of structure, 
without securing the essential stiffness and strength. Iron 
arches were also considered inappl#able, because of the 
large headway required for the passage of the ice in winter, 
and the necessity which existed for keeping the springing 
of the arches clegr of the water-line. . This would have 
involved the raising of “the entire roag, and a largely 
increased expenditure on the upper works. The question 
was therefore reduced to the consideration of the kind of 
horizontal beam or girdcr to be employed. 

Horizontal girders are of three kinds. The Tubular is 
constructed of riveted rectangulr boiler plates. Where 
the span is large, the road passes within the tube; where 
the span is comparatively small, the roadway is supported 
by two or more rectangular beams. Next there is the 
Lattice girder, borrowed from the loose rough timber bridges 
of the American engineers, consisting of a top and bottom 
flange connected by a number of flat iron bars, riveted 
across each other at a certain angle, the roadway resting on 
the top, or being suspended at the bottom between the 
lattice on either side. Bridges on the same construction 
are now extensively used for crossing the broad rivers of 
India, and are especiallly designed with a view to their 
easy transport and erection. ‘he Trellis or Warren girder 
is a modification of the same plan, consisting of a top and 
bottom flange, with a connecting web of diagonal flat bars, 
forming a complete system of triangulation—hence the 
name of “Triangular girder,” by which it is generally 
known. The merit of this form consists in its comparative 
rigidity, strength, lightness, and economy of material. 
These bridges are also extensively employed in spanning 
the rivers of India. One of the best specimens is the 
Crumlin viaduct, 200 feet high at one point, which spans 
the river and valley of the Ebbw near the village of Crumlin 
in South Wales. This viaduct is about a*third of a mile 
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long, divided into two parts by a ridge of hills which runs 
through the centre of the valley—each part forming a 
separate viaduct, the one of seven equal spans of 150 feet, 
the other of three spans of the same diameter. The bridge 
has been very skilfully designed and constructed, and, by 
reason of its great dimensions and novel arrangements, is 
entitled to be regarded as one of the most remarkable 
engineering works of the day. __, t 

“Tn calculating the strength of these different classes of 
girders,’ Mr. Stephenson observed, “orf ruling principle 
appertains, and ig common to all of them. Primarily and 
essentially, the ultimate strength is considered to exist in 
the top and bottom,—the former being exposed to a com- 
pression force by the action of the load, and the latter to a 
force of tension; therefore, whatever be the class or de- 
nomination of girders, they mustrall be alike in amount of 
effective matorial in these members, if their spans and 
depths are the same, and they have to sustain the same 
amount of load. Hence, the question of comparative merit 
amongst the different classes of construction of beams or 
girders is really narrowed to the method of connecting the 
top and bottom webs, so called.” In the tubular system the 
connexion is effected by continuous boiler plates riveted 
together; and in the lattice and trellis bridges by flat iron 
bars, more or less numerous, forming a series of struts and 
ties. Those engineers who advocate the employment of the 
latter form of construction, sct forth as its principal advan- 
tage the saving of material which is effected by employing 
bars instead of iron plates; whereas Mr. Stephenson and 
his followers urge, that in point of economy the boiler plate 
side is equal to the bars, whilst in point of effective strength 
and rigidity it is decidedly superior. To show the compa- 
rative economy of material, he contrasted the lattice girder 
bridge over the river Trent, on the Great Northern Railway 
near Newark, with the tubes of the Victoria Bridge. In 
the former case, where the span is 2404 feet, and the bridge 
13 feet wide, the weight ineluding bearings is 292 tons; 
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in the latter, where the span is 242 feet, the width of the 
tube 16 feet, the weight including bearings is 275 tons, 
showing a balance in favour of the Victoria Tube of 17 tons. 
The comparison between the Newark Dyke Bridge and the 
Tubular Bridge over the river Aire®is equally favourable to 
the latter; and no one can have travelled over the Great 
Northern line to York without noting that, as respects 
rigidity under «he passing train, the Tubular Bridge is 
decidedly superior. It is ascertained ghat the. deflection 
caused by a passing load is considerably greater in the 
former case; and Mr. Stephenson was also of opinion that 
thesides ofall trellis or lattice girders’ are useless, except 
for the purpose of connecting the top and bottom, and 
keeping them in their positiom They depend upon their 
connexion with the top and bottom webs for their own 
support; and since theyscould not sustain their shape, but 
would collapse immediately on their being disconnected 
from their top and bottom members, it is evident that. they 
add to the strain upon them, and consequently to that 
extent reduce the ultimate strength of the beams. “J 
admit,” he added, “that there is no formula for valuing the 
solid sides for strains, and that at present we only ascribe 
to them the value or use of connecting the top and bottom ; 
yet we-are aware that, from their continuity and solidity, 
they are of value to resist horizontal and many other strains, 
independently of the top and bottom, by which they add 
very much to the stiffness of the beam; and the fact of 
their containing more material than is necessary to connect 
the top and bottom webs, has by no means been fairly 
established.” Another important advantage of the Tubular 
bridge over the Trellis or Lattice structure, consists in its 
greater safety in event of a train running off the line,—a 
contingency which has more than once occurred on a 
tubular bridge without detriment, whereas in event of such 
an accident occurring on a Trellis or Lattice bridge, it must. 
infallibly be destroyed. Where the proposed bridge is of 
the unusual length of a mile and a guarter, it is obvious 
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that this consideration must have had no small weight 
with the directors, who eventually decided on proceeding 
with the Tubular Bridge according to Mr. Stephenson's 
original design. ; 

From the first projection of the Victoria Bridge, the 
difficultics of executing such a work across a wide river, 
down which an avalanche of ice rushes to the sea every 
spring, were prongunced almost jnsurmotntable by those 
best acquainted with the locality. The ico of two thou- 
sand mifes of inland lakes aud upper rivers, besides their 
tributarics, is then poured down stream, and, in the neigh- 
bourhood of Montreal especially, it is often piled up to 
the height of from forty to fifty feet, placing the sur- 
rounding country under water, and doing severe damage 
to the massive stone buildings along the noble river front 
of the city. To resist so prodigious a pressure, it was 
necessary that the piers of the proposed bridge should be 
of the most solid and massive description. Their founda- 
tions are placed in the solid rock; for none of the artificial 
methods of obtaining foundations, suggested by some en- 
sineers for cheapness’ sake, were found practicable in this 
case. Where the force exercised against tho piers was likely 
to be so great, it was felt that timber ice-breakers, timber 
or cast-iron piling, or even rubble-work, would have proved 
but temporary expedients. The two centre piers are 
eighteen feet wide, and the remaining twenty-two piers 
fifteen feet; to arrest and break the ice, an inclined 
plane, composed of great blocks of stone, was added to the 
up-river side of each pier—each block weighing from seven 
to ten tons, and the whole were firmly clamped together 
with iron rivets. 

To convey some idea of the immense force which these 
piers are required to resist, we may briefly describe the 
breaking up of the ice in March, 1858, while the bridge 
was under construction. Fourteen out of the twenty-four 
piers were then finished, together with the formidable 
abutments and approaches to.the bridge. The ice in the 
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river began to show signs of weakness on the 29th March, 
but it was not until the 31st that a general movement 
became observable, which continued for an hour, when 
it suddenly stopped, and the water rose rapidly. On the 
following day, at noqn, a grand rmovemént commenced ; 
the waters rose about four feet in two minutes, up to 
a level with many of the Montreal streets. The fields 
of ico at the sgme time were suddenly elevated to an 
inerediblo hoight; and "so overwhelming were they in 
pearance, that egrowds of the townspeople, who had 
assembled on the quay to watch the progress of the flood, 
ran for their lives. This movement lsted about twenty 
minutes, during which the jammed ice destroyed several 
portions of the quay-wall, grinding the hardest blocks to 
atoms. Tho embanked approaches to the-Victoria Bridge 
had tremendous forces to resist. In the full channel of 
the stream, the ice in its passage between the piers was 
broken up by the force of the blow immediately on its 
coming in contact with the cutwaters. Sometimes thick | 
shocts of ice were seen to rise up and rear on end against” 
the piers, but by the force of the current they were speedily 
made to roll over into the stream, and in a moment after 
were out of sight. For the two next days the river was 
still high, until on the 4th April the waters seemed sud- 
denly to give way, and by the following day the river was 
flowing clear and smooth as a millpond, nothing of winter 
remaining except the masses of bordage ice which were 
strewn along the shores of the stream. On examination 
of the piers of the bridge, it was found that they had 
admirably resisted the tremendous pressure; and though 
the timber “cribwork” erected to facilitate the placing 
of floating pontoons to form the dams, was found con- 
siderably disturbed and in some places seriously damaged, 
the piers, with the exception of one or two heavy stone 
blocks, which were still unfinished, escaped uninjured. 
One heavy block of many tons’ weight was carried to a 
considerable distance, and must have been torn out of its 
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place by sheer force, as several of the broken fragments 
were found left in the pier. 

The works in connection with the Victoria Bridge were 
begun on the 22nd July, 1854, when the first stone was 
laid, and continued uninterruptedly during a period of 54 
years, until the 17th December, 1859, when the bridge was 
finished and taken off the contractor's hands. It was 
formally opened for traffic early in 18604 though Robert 
Stephenson did not live to see its completion. 

The tubular system was also applied by*the same en- 
gineer, in a modified form, in the two bridges across the 
Nile, near Damietta in Lower Egypt. That near Benha 
contains eight spans or openings of 80 feet each, and two 
centre spans, formed by ono of the largest swing bridges 
ever constructed,—the total length of the swing-beam 
being 157 feet,—a clear water-way of 60 feet being pro- 
vided on either side of the centre pier. The only novelty 
in these bridges consisted in the road being carried upon 
the tubes instead of within them; their erection being 
carried out in the usual manner, by means of workmen, 
materials, and plant sent out from England. 

During the later years of his life, Mr. Stephenson took 
considerable interest in public affairs and in scientific 
investigations. In 1847 he entered the House of Commons 
as member for Whitby; but he does not seem to have been 
very devoted in his attendance, and only appeared on 
divisions when there was a “whip” of the party to which 
he belonged. He was a member of the Sanitary and 
Sewage Commissions, and of the Commission which sat 
on Westminster Bridge. ‘The last occasions on which he 
addressed the House were on the Suez Canal and the 
cleansing of the Serpentine. He pronounced the Suez 
Canal to be an impracticable scheme. “I have surveyed 
the line,” said he, “‘ I have travelled the whole distance on 
foot, and I declare there is no fall between the two seas. 
Honourable members talk about a canal. A canal is im- 
possible—the thing would only be a ditch.” 
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Besides constructing the railway botween Alexandria 
and Cairo, he was consulted, like his father, by the King 
of Belgium, as to the railways of that country; and he was 
made Knight of the Order of Leopold because of the im- 
provements which he had made in Jocom¢tive engines, so 
much to the advantage of the Belgian system of inland 
transit. He was consulted by the King of Sweden as to 
the railway between Christiana and lake Midsen, and in 
consideration of his services was decoratéd with the Grand 
Cross of the Orde» of St. Olaf. He also visited Switzerland, 
Piedmont, and Denmark, to advise as to the system of 
railway communication best suited for thése countries. At 
the Paris Exhibition ef 1855 the Emperor of France de-. 
corated him with the Legion of Honour in consideration 
of his public services; and at home the University of 
Oxford made him a Dogfor of Civil Laws. In 1855 he 
was elected President of the Institute of Civil engineers, 
which office he held with honour and filled with dis- 
tinguished ability for two years, giving place to his friend 
Mr. Locke at the end of 1857. 

Mr. Stephenson was frequently called upon to act as 
arbitrator between contractors and railway companies, or 
between one company and another,—great value being 
attached to his opinion on account of his weighty judg- 
ment, his great experience, and his upright character, and 
we believe his decisions were invariably stamped by the 
qualities of impartiality and justice. He was always ready 
to lend a helping hand to a friend, and no petty jealousy 
stood between him and his rivals in the engineering world 
I'he author remembers being with Mr. Stephenson one 
evening at his house in Gloucester Square, when a note 
was put into his hands from his friend Brunel, then en- 
gaged in his first fruitless efforts to launch the Great 
Eastern. It was to ask Stephenson to come down to 
Blackwall early next morning, and give him the benefit 
of his judgment. Shortly after six next morning Ste- 
phonson was in Scott Russgell’s building-yard, and he 
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remained there until dusk. About midday, while super- 
intending the launching operations, the baulk of timber 
on which he stood canted up, and ho fell up to his middle 
in the Thames mud. Ile was dressed as usual, without 
great-coat (though tht day was bitter cold), and with only 
thin boots upon his feet. Ile was urged to leave the yard, 
and change his dress, or at least dry himself; but with 
his usual disregard of health, he replied, ‘Oh, never mind 
me—I’m quite ured to this sort of thing;” and he went 
paddling about in the mud, smoking’ his cigar, until 
almost dark, when the day’s work was brought to an 
end. The result of this exposure was an attack of in- 
flammation of the lungs, which kept him to his bed for a 
fortnight. 

He was habitually careless of his health, and perhaps 
he indulged in narcotics to a prejudicial extent. Hence 
he often became “hipped” and sometimes ill. When Mr. 
Sopwith accompanied him to Hgypt in the Titania, in 1856, 
he succeeded in persuading Mr. Stephenson to limit his 
indulgence in cigars and stimulants, and the consequence 
was that by the end of the voyage he felt himself, as he 
said, “quite a new man.” Arrived at Marscilles, he tele- 
graphed from thence a message to Great George Street, 
prescribing certain stringent and salutary rules for ob- 
servance in the office there on his return. But he was 
of a facile, social disposition, and the old associations 
proved too strong for him. When he sailed for Norway, 
in the autumn of 1859, though then ailing in health, he 
looked a man who had still plenty of life in him. By 
the time he returned, his fatal illness had seized him. 
He was attacked by congestion of the liver, which first 
developed itself in jaundice, and then ran into dropsy, of 
which he died on the 12th October, in the fifty-sixth year 
of his age.* Ile was buricd by the side of Telford in 


* In 1829 Robert Stephenson | Sanderson, merchant, London; but 
married Frances, darghter of Johu | sue died in 1842, without issua, 
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Westminster Abbey, amidst the departed great men of his 
country, and was attended to his resting-place ly many 
of the intimate friends of his boyhood and his manhood. 
Among those who assembled round his grave were some 
of the greatest men of thought ahd action in England, 
who embraced the sad occasion to pay the last mark of 


their respect to this illustrious son of one of England's 


greatest working men. , : 
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Robert Stephenson’s Burial-place in Westminster Abbey. 
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and Mr. Stephenson did not marry | twice in every year to visit his 
again. Until the close of his life,4 wife’s grave if Hampstead church- 
Robert Stephenson was accustomed | yard. 
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It would be out of keeping with the subject thus drawn 
to a conclusion, to pronounce any panegyric on the cha- 
racter and achievements of George and Robert Stephenson. 
These for the most part speak for themselves. Both were 
emphatically trde met, exhibiting,in their lives many 
sterling qualities. No beginning could have been less 
promising than that of the elder Stephenson. Burm in a 
poor condition, yet rich in spirit, he was from the first 
compelled to rely upon himself; and evory step of advance 
which hé made was conquered by patient ¢ Jabour. Whether 
working as a brakesman or an engineer, his mind was 
always full of the work in ina; He gave himself 
thoroughly up to it. Like the painter, he might say that 
he had become great “by reglecting nothing.” Whatever 
he was engaged upon, he was as careful of the details as 
if each were itself the whole. Hg did all thoroughly and 
honestly. ‘There was no “scamping” with him. When 
a workman he put his brains and labour into his work ; 
and when a master he put his conscience and character 
into it. He would have no slop-work executed merely 
for the sake of profit. The materials must be as genuine 
as the workmanship was skilful. Tho structures which 
he designed and executed were distinguished for their 
thoroughness and solidity; his locomotives were famous 
for their durability and excellent working qualities. The 
engines which he sent to the United States in 1832 are 
still in good condition; and even the engines built by 
him for the Killingworth Collicry, upwards of thirty 
years ago, are working steadily there to this day. All his 
work was honest, representing the actual character of the 
man. 

He was ready to turn his hand to anything—shoes and 
clocks, railways and locomotives. He contrived his safety- 
lamp with the object of saving pitmen’s lives, and perilled 
his own life in testing it. Whatever work was nearest him, 
he turned to and did it. With him to resolve was to do. 
Many men knew far more than he; but none were more 
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ready forthwith to apply what he did know to practical 
purposes. It was while working at Willington as a brakes- 
man, that he first learnt how best to handle a spade in 
throwing ballast out of the ships’ holds. This casual em- 
ployment seems to have left uponéhis mind the strongest 
impression of what “hard work” was; and he often used 
to revert to it, and say to the young men about him, “ Ah, 
ye lads! there’senone 0’ ye know what wark is.” Mr. Gooch 
says he was proud of the dexterity ing handling a spade 
which he had thus acquired, and that he has ffequently 
seen him take the shovel from a labourer in some railway 
cutting, and show him how to use it more deftly in filing 
waggons of earth, gravel, or sand. Sir Joshua Walmsley 
has also informed us, that, when examining the works of 
the Orleans and Tours Railway, Mr. Stephenson, seeing a 
large number of excavajors filling and wheeling sand in 
a cutting, at a great waste of time and labour, went up to 
the men and said he would show them how to fill their 
barrows in half the time. He showed them the proper posig 
tion in which to stand so as to exercise the greatest amount 
of power with the least expenditure of strength; and he 
filled the barrow with comparative ease again and again m 
their presence, to the great delight of the workmen. When 
passing through his own workshops, he would point out 
to his men how to save labour, and to get through their 
work skilfully and with ease. His energy imparted itself 
to others, quickening and influencing them as strong cha- 
racters always do—flowing down into theirs, and bringing 
out their best powers. 

His deportment towards the workmen employed under 
him was familiar, yet firm and consistent. As he respected 
their manhood, so did they respect his masterhood. Al- 
though he comported himself towards his men as if they 
occupied very much the samo level as himself, he yet 
possessed that peculiar capacity for governing which en- 
abled him always to preserve among them the strictest. 
discipline, und to seoure their, cheerful and hearty services. 

28 2 
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Mr. Ingham, M.P. for South Shields, on going over the 
workshops at Newcastle, was particularly struck with this 
quality of the master in his bearing towards his men. 
“There was nothing,” said he, “of undue familiarity in 
their intercourse, but tHey spoke to each other as man to 
man; and nothing seemed to please the master more than 
to point out illustrations of the ingenuity of his artisans. 
He took up a rivet,,and expatiated, on the skill with which 
it had been fashiom=d by the workman’s hand—its perfect- 
ness and truth. He was always proud of fis workmen and 
his pupils; and, while indifferent and careless as to what 
might be said of himself, he fired up in a moment if dispa- 
ragement were thrown poe any one whom he had taught 
or “trained. ‘ 

In manner, George Stephenson was simple, modest, and 
unassuming, but always manly. ¢é{fe was frank and social 
in spirit. When a humble workman, he had carefully pre- 
served his sense of self-respect. His companions lovked 
«.p to him, and his example was worth even more to many 
of them than books or schools. His devoted love of know- 
ledge made his poverty respectable, and adorned his 
humble calling. When he rose to a more elevated sta- 
tion, and associated with men of the highest position and 
influence in Britain, he took his place amongst them with 
perfect self-possession. They wondered at the quict ease 
and simple dignity of his dcportment; and men in the best 
ranks of life have said of him that “ Ho was one of Nature's 
gentlemen.” 

Probably no military chiefs were ever more beloved by 
their soldiers than were both father and son by the army of 
men who, under their guidance, worked at labours of profit, 
made labours of love by their earnest will and purpose. 
True leaders of men and lords of industry, they were always 
ready to recognise and encourage talent in those who worked 
for and with them. Thus it was pleasant, at the openings 
of the Stephenson lines, to hear the chief engineers attri- 
buting the successful completion of the works to their able 
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assistants ; whilst the assistants, on the other hand, ascribed 
the glory to their chicfs. 

Mr. Stephenson, though a thrifty and frugal man, was 
essentially unsordid. His rugged path in early fe made 
him careful of his res8urces. He es saved to hoard, but 
saved for a purpose, such as the maintenance of his parents 
or the cducation of his son. In later years he became a 
prosperous and*even @ wealthy mang but riches never 
closed his heart, nor stole away the elsticity of his soul. 
He enjoyed life cheerfully, because hopefully. When he 
entered upon a commercial enterprise, whether for others or 
for himself, he looked carefully at the ways and means. 

Inless they would “pay,” he held back. ‘He would have 
nothing to do,” he declared, “with stock-jobbing specula- 
tions.” is refusal to scll his name to the schemes of the 
railway mania—his survey of the Spanish lines without 
remuneration—his offer to postpone his claim for payment 
from a poor company until their affairs became more prosper- 
ous—are instances of the unsordid spirit in which he actede 

Another marked feature in Mr. Stephenson’s character 
was his patience. Notwithstanding the strength of his con- 
victions as to the great uses to which the locomotive might 
be applied, he waited long and patiently for the opportunity 
of bringing it into notice; and for years after he had com- 
pleted an efficient engine he went on quietly devoting 
himself to the ordinary work of the colliery. He made no 
noise nor stir about his locomotive, but allowed another 
to take ercdit for the experiments on velocity and friction 
inade with it by himself upon the Killingworth railroad. 

By patient industry and laborious contrivance, he was 
enabled, with the powerful help of his son, to do for the 
locomotive what James Watt had done for the condensing 
engine. THe found it clumsy and inefficient; and he made 
it powerful, efficient, and useful. Both have been described 
as the improvers of their respective engines; but, as to all 
that is admirable in their structure or vast in their utility, 
they are rather entitled to be described a$ their Inventors. 
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While the invention of Watt increased the .power, and at 
the same time so regulated the action of the steam-engine, 
as to make it capable of being applied alike to the hardest 
work and to the: finest, manufactures, the invention of Ste- 
phenson gave an effective power to the locomotive, which 
enabled it to perform the work of teams of the most power- 
ful horses, and to outstrip tho speed of the fleetest. Watt's 
invention exercised’a wonderfully quickening influence on 
every branch of fhdustry, and multiplied a thousand-fold 
the amount of manufactured productions; and Stephenson’s 
enabled these to be distributed with an economy and de- 
spatch such as had never before been thought possible. 
They have both tended to increase indefinitely the mass of 
human comforts and enjoyments, and to render them cheap 
and accessible to all. But Stephenson’s invention, by the 
influence which it is daily exerciging upon the civilisation 
of the world, is even more remarkable than that of Watt, 
and is calculated to have still more important consequences. 
‘in this respect, it is to be regarded as the grandest applica- 
tion of steam power that has yet becn discovered. 

The Locomotive, like the condensing engine, exhibits the 
realisation of various capital, but wholly distinct, ideas, 
promulgated by many ingenious inventors. Stephenson, 
like Watt, exhibited a power of sclection, combination, und 
invention of his own, by which—-while availing himself of 
all that had been done before him, and superadding the 
many skilful contrivances deviscd by himsclf—he was at 
length enabled to bring his engino into a condition of mar- 
vellous power and efficiency. Ho gathered together the 
scattered threads of ingenuity which already existed, and 
‘combined them into one firm and complete fabric of his 
own. He realised the plans which others had imperfectly 
formed; and was the first to construct, what so many 
others had unsuccessfully attempted, the practical and eco- 
nomical working locomotive. 

Mr. Stephensoy’s close and accurate observation provided 
him witk a fulness of information on many subjects, which 
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often appeared surprising to those who had devoted to them 
a special study. On one occasion the accuracy of his know- 
ledgo of birds came out in a curious way at a ccnvivial 
meeting of railway men in London. The engineers and. 
railway directors pre8ent knew caéh other as railway men 
and nothing more. The talk had been all of railways and 
railway politics. Mr. Stephenson was a great talker on 
those subjects, dhd was generally allowgd, from the interest 
of his conversation and the extent of hie experience, to take 
the lead. At length one of the party broke in with— 
“Come now, Stephenson, we have hag nothing but rail- 
ways; cannot we have a change and try if we can talk a 
little about something else?” “ Well,” said Mr. Stephen- 
son, “PU give yon a wide ranée of subjects; what shall it 
be about?” “Say birds’ nests!” rejoincd the other, who 
prided himself on his especial knowledge of this subject. 
“'Then birds’ nests be it.” A long and animated conversa- 
tion ensued: the bird-nesting of his boyhood, the black- 
bird’s nest which his father had held him up in his arms te 
look at when a child at Wylam, the hedges in which he 
had found the thrush’s and the linnet’s nests, the mossy 
bank where the robin built, the cleft in the branch of the 
young tree where the chaffinch had reared its dwelling—all 
rose up clear in his mind’s eye, and led him back to the 
scenes of his boyhood at Callerton and Dewley Burn. The 
colour and number of the bird's eggs, the period of their 
incubation, the materials employed by them for the walls 
and lining of their nests, were described by him so vividly, 
and illustrated by such graphic anecdotes, that one of the 
party remarked that, if George Stephenson had not been 
the greatest engineer of his day, he might have been one of 
the greatest naturalists. 

His powers of conversation were very great. He was so 
thoughtful, so original, and so suggestive. There was 
scarcely a department of science on which he had not 
formed some novel and sometimes daring theory. Thus 


Mr. Gooch, his pvtpil, who *lived with him when at Liver- 
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pool, informs us that when sitting over the fire, he would 
frequently broach his favourite theory of the sun’s light 
and heat being the original source of the light and heat 
given forth eo the burning coal. “It fed the plants of 
which that coal is mate,” he would say, “and has beon 
bottled np in the earth ever since, to be given out again 
now for the use of man.” Ilis son Robert once said of hin, 
“My father flashed fiis bull's eye full upoh a subject, and 
brought it out in €ts most vivid light in an instant: his 
strong common sense, and his varicd experince operating 
upon a thoughtful mind, were his most powerful illumina- 
tours.” 

Mr. Stephenson had once a conversation with a watch- 
maker, whom he astonished by the extent and minutencss 
of his knowledge as to the parts of a watch. The watch- 
maker knew him to be an emineut enginecr, and asked 
him how he had acquired so extensive a knowledge of a 
branch of business so much out of his sphere. “It is very 
w.sy to be explained,” said Mr. Stephenson; “I worked 
long at watch-cleaning myself, and when I was at a loss, 
I was never ashamed to ask for information.” 

Towards the close of his life he frequently went down to 
Newcastle, and visited the scenes of his boyhood. “I have 
been to Callerton,” said he one day to a friend, “and seen 
the fields in which 1 used to pull turnips at twopence a 
day; and many a cold finger, 1 can tell you, ] had.” 

His hand was open to his former fellow-workmen whom 
old age had Icft in poverty. To poor Robert Gray, of 
Newburn, who acted as his bridesmun on his marriage to 
Fanny Henderson, he left a pension for life. He would 
slip a five-pound note into the hand of a poor man or a 
widow in such a way as not to offend their delicacy, but to 
make them feel as if the obligation were all on his side. 
When Farmer Paterson, who marricd a sister of George’s 
first wife, Fanny Henderson, dicd and left a large young 
family fatherless, poverty stared them in the face. “But 
ye ken,” said our informant, “ George struck in fayther for 
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them.” And perhaps the providential character of the act 
could not have been more graphically expressed than in 
these simple words. 

On his visit to Newcastle, he would frequently meet the 
friends of his early dafs, occupying“very nearly the same 
station, wloilst he had meanwhile risen to almost world-wide 
fame. But he was no Jess hearty in his greeting of them 
than if their relMtive pgsition had cqatinued the same. 
Thus, one day, after shaking hands with Mr. Brandling on 
alighting from his’ carriage, he proceeded to shake hands 
with his couchman, Anthony Wigham, a,still older friend, 
though he only sat on the box. 

Jobert Stephenson inherited his father’s kindly spirit 
and benevolent disposition. H6é almost worshipped his 
father’s memory, and was ever ready to attribute to him 
the chief merit of his own achievements as an engineer. 
“It was his thorough training,” we once heard him say, 
“his example. and his character, which made me the man 
Tam.” Ona more public occasion he said, “It is my great 
pride to remember, that whatever may have been done, 
and however extensive may havo been my own connection 
with railway development, all I know and all I have done 
is primarily due to the parent whose memory I cherish and 
revere.”* To Mr. Lough, the sculptor, he said he had 
never had but two loves—one for his father, the other for 
his wife. 

Like his father, he was eminently practical, and yet 
always open to the influence and guidance of correct 
theory. His maim consideration in laying out his lines of 
railway was what would best answer the intended purpose, 
or, to use his own words, to secure the maximum of result 
with the minimum of means. He was pre-emincntly a safe 
man, because cautions, tentative, and experimental ; follow- 
ing closely the lines of conduct trodden by his father, and 
often quoting his maxims. 


* Address os l'resident of the Institutidh of Civil Engineers, January, 1856 


—_ 
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In society Robert Stephenson was simple, unobtrusive, 
and modest; but charming and even fascinating in an 
eminent degree. Sir John Lawrence has said of him that 
he was, of all others, the man he most delighted: to meet in 
England—he was st manly, yet gentle, and withal so 
great. While admired and beloved by men of such calibre, 
he was equally a favourite with women and children. Tle 
put himself upon the level of all,and charmed them no less 
by his inexpressible kindliness of manner than by his simple 
yet impressive conversation. 

His great wealth cnabled him to perform many generous 
acts in a right noble and yet modest manner, not letting his 
right hand know what his left hand did. Of the numerous 
kindly acts of his whicht have been made public, we may 
mention the graceful manner in which he repaid the obliga- 
tions which both himself andehis father owed to the 
Newcastle Literary and Vhilosophical Institute, when 
working together as humble experimenters in their cottage 
at Killingworth. The Institute was struggling under a 
debt of 62001 which seriously impaired its usefulness as an 
educational agency. Robert Stephenson offered to pay one- 
half of the sum, provided the local supporters of the Insti- 
tute would raise the remainder; and conditional also on 
the annual subscription being reduced from two guineas to 
one, in order that the usefulness of the institution might be 
extended. The generous offer was accepted, and the debt 
extinguished. 

Both father and son were offered knighthood, and both 
declined it. During the summer of 1847, George Stephen- 
son was invited to offer himself as a candidate for the 
representation of South Shiclds in Parliament. But his 
politics were at best of a very undefined sort; indeed his 
life had been so much occupied with subjects of a practical 
character, that he had scarcely troubled himself to form any 
decided opinion on the party political topics of the day; 
and to stand the cross fire of the electors on the hustings 
might have bétn found ane even mire distressing oidea] 
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than the cross-questioning of the barristers in the Commit- 
tces of the House of Commons. “Politics,” he used to say, 
“are all matters of theory—there is no stability in them; 
they shift about like the sands of the sea, and I should 
feel quite out of my lement amorgst them.” He had 
accordingly the good sense respectfully to decline the 
honour of contesting the representation of South Shields. 

We have, howeVer beensinformed by Sir Joseph Paxton, 
that although George Stephenson held n@ strong opinions 
on political questions generally, there was one question on 
which he entertained a decided conviction, and that was 
the question of Free-trade. ‘The woyds used by him on one 
occasion to Sir Joseph wero very strong. “ England,” said 
he, “1s, and must be a shopkeeper ; and our docks and 
harbours are only so many wholesale shops, the doors of 
which should always be Kept wide open.” It is curious 
that his son Robert should have taken precisely the opposite 
view of this question, and acted throughout with the most 
rigid party amongst the protectionists, supporting the Navi- ' 
gation Laws and opposing Free Trade. 

But Robert Stephenson will be judged in after times by 
his achievements as an engineer, rather than by his acts 
as a politician; and happily these last were far outweighed 
in value by the immense practical services which he 
rendered to trade, commerce, and civilisation, through the 
facilities which the railways constructed by him afforded 
for free intercommunication between men in all parts of 
the world. Speaking in the midst of his friends at New- 
castle, in 1850, he observed :— 

“Tt seems to me but as yesterday that I was engaged as 
an assistant in laying out the Stockton and Darlington 
Railway. Since then, the Liverpool and Manchester and a 
hundred other great works have sprung into existence. 
As I look back upon these stupendous undertakings, accom- 
plished in so short a time, it seems as though we had 
realised in our generation the fabled powers of the magi- 
cian’s wand. Hills have been’cut down and valleys filled 


380 ADVANTAGES OF RAILWAYS. Cuap, XIX, 


up; and when these simple expedients have not sufficed, 
high and magnificent viaducts have been raised, and if 
mountains stood in the way, tunnels of unexampled magni- 
tude have pierced them through, bearing their triumphant 
attestation to the ind&mitable energy of tho nation, and the 
unrivalled skill of our artisans.” 

As respects tho immense advantages of railways to man- 
kind, there cannotebo two opinions. “They e exhibit, probably, 
the grandest orffanisation of capital qnd labour that the 
world has yet seen. Although they have unhappily occa- 
sioned great lose to many, the loss has been that of 
individuals; whilst, as a national system, the gain has 
already been enormous. As tending to multiply and spread 
abroad the conveniences of life, opening up new fields of 
industry, bringing nations nearer to each other, and thus 
promoting the great ends of civilisation, the founding of 
the railway system by George Stephenson and his son must 
be regarded as one of the most important events, if not the 
very greatest, in the first*half of this nineteenth century. 
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ACOIDENTS in coal-minef, 89, 119., 

Adam, Mr., counsel for Liverpool and 
Manchester Railway, 140, 106. 

Alderson, Mr. (afterwards Baron), 
160, 163, 165, 198. 

Alton Grange, G. Stephenson’s resi- 
dence at, 234-6, 265. 

Ambergate Railway slip, 259; Lime- 
works, 278, 

Anna, Santa, mines at, 196. 

Arnold, Dr., on Railways, 273, 

Ashby-de-la-Zouch, 233. 

Atmospheric Railway system, 
308. 
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286, 


Beaumont, Mr., his wooden waggon- 
ways, 0. 

Belgium, G. Stephenson’s visit to, 296. 

Benton Colliery and village, 44, 47, 
51, 61. 

Berwick Royal Border Bridge, 311. 

Birds and bird-nesting, 15, 17, 25, 58, 
353, 375. 

Birmingham and Derby Railway, 268. 

Bisnop Auckland coal-field, 12:3. 

Black Callerton, 18, 26, 29, 32. 

Blackett, Mr., Wylam, 13, 74. 

Blast, invention of the Steam, 85, 208, 
211. 

Blenkinsop’s Locomotive, 72, 80. 

Blisworth Cutting, 243, 

Boiler, multitubular, 210, 

Booth, Henry, Liverpool, 210, 222. 

Bradshaw, Mr., oppuses Liverpool and 
Manchester line, 155. 

Braithwaite, Isaac, Locomotive, 214, 
230, 

Brakeing coal-engine, 27, 36, 40. 

Brandling, Messrs., 105, 312. 

Brandreth’s Locomotive, ‘ Cycloped,” 
214, 4. 
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Bridges, Railway, on Liverpool line, 
185; improved bridges, 310-19; 
tubular bridgés, 326-40, 360. 

Bridgewater Canal monopoly, 147, 157. 

Britannia Tubular Bridze, 339. 

British Associdtion Meeting at New- 
castle, 279. 

Brougham, Mr. William, counsel on 
Liverpool and Manchester Bill, 
158, 160. 

Bruce’s School, Newcastle, 53, 59. 

Brunel, I. K., 230, 304, 367. 

Brunton’s Locomotive, 73, 

Brussels, railway celebrations at, 267. 

Brusselton incline, 135. 

Buckland, Dr., 350. 

Bullbridge, Ambergate, 260. 

Burstall’s Locomotive, “+ Perseve- 
rance,”’” 214, 218. 


CALLERTON Colliery and village, 18, 
26, 29, 52. 

Canal opposition to Railwaya, 146, 
157, 238. 

Cartagena, R. Stephenson at, 200. 

Chapman’s Locomotive, 73. 

Characteristics of the Stephensons, 
368-80, 

Chat Moss, William James’s attempted 
Survey, 151; Mr. Harrison’s speech, 
166; evidence of Francis Giles, 
C.K, 167; Mr. Aldersen’s speech, 
168; description of, 1743;  con- 
struction of Railway over, 177. 

Chester and Birkenhead Railway, 286. 

————-—— Holyhead Railway, 320, 

Chesterfield, 279, 283. 

Clanny, Dr., his safety-lamp, 92. 

Clark, Edwin, C.E,, 331, 338, 338. 

Clay Cross Colliery, G. Stephensca 
leases, 277, ® 
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Clegg and Samuda’s Atmospheric Rail- 
way, 287. 

Clephan, Mr., description of first rail- 
way tr affic, 140. 

Cleveland, Duke of, and Stockton and 
Darlington Railway, 125.€ 

Clock-mending and cleaning, 35, 51, 
345. 

Coach, first railway, 139. 

Coal trade, 3, 11; staiths, 10; haul- 
ave, early expedientstlor, 5. 7, 63, 
143; traffic by Raikway, 138, 276; 
mining, George Stephenson’s adven- 
tures in, 234, 277; theory of for- 

mation of, 351. € 

Coalbr ookdale, rails early cast at, 6. 

Coe, Wm., fellow workman ‘ of G. 
Stephenson, 215-26); 3k. 

Coffin, Sir 1., 172, 

Colliery districts, 1-4 5 
and workmen, 7-11. 

Colombia, mining association of, 193 ; 
Robert Stephenson’s residence in, 
196. 

Contractors, railway, 229, 249. 

Conway, tubular bridge at, 334. 

Cooper, Sir Astley, Robert Stephen- 
son’s interview with, 238. , 

Crich Lime-works, Ambergate, 278. 

Cropper, Isaac, Liverpool, 187, 217. 

Cugnot’s steam-carriage, 64-6. 

Curr, John, his cast-iron Railway at 
Sheffield, 6. 

Cuttings, railway,—Tring, 242; Blis- 
worth, 2435; Ambergate, 259; 
Oakenshaw and Normanton, 259, 

“ Cycloped ” Locomotive, 214. 
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DARLINGTON and Stockton Railway, 
123, 136. 

Davy, Sir Humphry, his description of 
Trevithick’s steam-carriage, 68 ; 
his paper on fire-damp in mines, 92 ; 
his satety-lamp, 101-3 ; testimonial, 
104, 

Denman, Lord, 345. 

Derby, Earl of, 172, 

Dewley Burn Colliery, 16. 

Direct lines, mania for, 292. 

Dixon. John, C.E., agsists in survey of 
Stockton and Darlington line, 136 ; 
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assistant engineer, Liverpool and 
Manchester Railway, 175-9, 

Dodds, Ralph, Killingworth, 42-4, 50 
86. 


Drayton Manor, George Stephenson's 
visié to, 349. 

Dutton Viaduct, 204. 

Durham, Earl of. See Lambton. 


Fasr CoasR Railway to Scotland, 
£06-9. 

Edgworth, Mr., sailing-waggons, 6:3; 
advocacy Uf Railways, 148, 

Edinburgh University, hobeit Stephen- 
son at, 121. 

Education, George Stephenson’s self- 
education, 24, 47; Kobert Stephen- 
son’s, 50, 121; George Stephenson's 
ideas of, 191, 281. 

bag-hatchivg by artificial heat, 23, 


dyptian Tubular Bridges, Robert 
Stephenson’s, 3o7. 

Emerson, George Stephenson’s meeting 
with, 353. 

Emigration, George Stephenson con- 
templates, 40, 116. 

Engine, study of, 22, 62, 78, 80. 

Ericsson, Mr., engineer, 204, 214. 

Kstimates, railway, 165, 249. 

‘« Experment,” the first railway coach, 
139, 

Explosion of fire-damp, 89. 

Evans's steam-carriage, 65. 


FAIRBAIRN, Wm., C.E., 28; at Percy 
Main Colliery, 34; experiments on 
iron tubes, 328-30, 

Fire-damp, explosious of, 89. 

Fixed-engine power, 118, 129, 135, 
203, 205. 

Floating road, Chat Moss, 176, 

Floating Conway and ritaunia Tubes, 
332, 

Follett, Sir Wm., 350. 

Forth-street Works, Newcastle, 132, 
193, 

Foster, Jonathan, Wylam, 75, 77, 80, 
310, 
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Free trade, George Stephenson’s views 
on, 379. 

Friction on common roads and Rail- 
ways, 113. 

GARDENING, George Steplenson’s 
pursuits in, 58, 342. 

Gateshead, 4, 314. 

Guage of Railways, 134, 304. 

“‘Geordy ” salety-lampy invention ot, 


Giles, Francis, C.E., 167, 174, 250. 
Gooch, F. L., C.E., 183, 190, 220, 
336, 371. 
Gradients, George Stephenson’s views 
on, 115, 284. 
Grand Allies, Killingworth, 41, 46. 
- Junction Railway, 230, 253. 
- Trunk Railway, Canada, 359. 
Gray, Robert, 24, 36, 376. 
, Thomas, 148. 
Great Western Railway, 230, Bo, 
304. 





HacKworRTH, Timothy, his engine 
‘« Sanspareil,”” 214, 216, 218. 

Half-lap joint, G. Stephenson’s, 111, 

Harrison, Mr., barrister, 160, 166. 

Hawthorn, Robert, C.E., 22. 

Heating surface in Locomotives, 208,. 
209, 

Hedley, William, Wylam, 77. 

Henderson, Fanny, 32. 

Heppel, Kit, 42, 45. 

Hetton Railway, 117. 

High Level Bridge, Newcastle, 2, 312. 

Street House, Wylam, 14. 

Holyhead, Railway to, 320. 

Howick, Lord, and the Northumber- 
land Atmospheric Railway, 307, 
309. 

Hudson, George, the Railway King, 
291, 312. ; 

Huskisson, Mr., M.P., and the Liver- 

ol and Manchester Railway, 172; 
illed at its opening, 223, 

Hydraulic presses at the Britannia 

Bridge, 237. 





INCLINES, self-acting, 9, 61, 
Iron railway bricges, 312, 335. 
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LIVERPOOL. 

JAMES, William, surveys a line be- 
tween Liverpool and Manchester, 
150; visits Killingworth, 151; 
superseded by George Stephenson, 
154, 

Jameson’) Professor, Edinburgh, 122. 

Jesspp, William, C.., 6. 

Jolly’s Close, Newburn, 20, 24. 

Jones, Rees, on Trevithick’s Locémo- 
tive, 71. : 


KEELMEN of the Tyne, 10-11, 

Killingworth, West Moor, $1, 36, 38, 
40 ; High Pit, 41; colliery explo- 
sions and nining, 89; Locomotive, 
84,88; the underground machin- 
ery, 109. 

Kilsby Tunnel, 245. 


LamBToN, Mr. (Earl of Durham), 
157. 

Lamp, safety, invention of, 93. 

Last-making competition, 59. 

Lardner, Dr., and Railways, 284, 286, 

Lattice Girder Bridges, 361, 

Leeds Mechanics’ Institute, George 
Stephenson’s Speech at, 281. 

Leicester and Swannington Railway, 
232, 

Lemington Coal-staith, 74. 

Leopold, King of the Belgians, and 
Railways, 266; George Stephen- 
son's interviews with, 268, 296. 

Level Railways, advantages of, 115, 
284, 

Liddell, Sir T. (Lord Ravensworth), 
46, 62. 

Lime-works at Ambergate, George 
Stephenson’s, 278. 

Literary and Philosophical Institute, 
Newcastle, 53, 102, 280, 378. 

Littleborough Tunnel, 255. 

Liverpool and Manchester Railway 
projected, 147; surveyed by Wm. 
James, 150; the survey opposed, 
151; George Stephenson engaged, 
154 ; prospectus issued, 155; de- 
putations visit Killingworth, 151 
154-5; opposition of the land 
owners and ceaal compunies, 156-7 ; 
the bill in committee, 160; re 
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jected, 169; scheme prosecuted, 
170; Messrs. Rennie appointed 
engineers, 171; the bill passed, 
172; George Stephenson again en- 
gaged as engineey, 173; construc 
tion of the line across Guat Moss, 
176; discussions as to the working 
power to be employed, 203 ; George 
Stephenson advocates the Locomo- 
tive, 2013 prize of 5v0/. for best 
engine, 207 5 won by’ Stephenson’s 
“ Rocket,” 218; public opening of 
sy line, 222; results of the traffic, 

228. 

Cocke, Mr. Joseph, @.E., 26, 175, 
367. 

‘Locomotion ” engine, No. i, Dar- 
lington, 135, 142. 

Locomotive engine, invention of, a3 
Robison and Watt's idea, Cugnot’s 
steam-carriage, 64; Evans and 
Symington’s, 65; Murdock’s model, 


66; ‘Trevithick’s steam-carriage, 
67; his tram engine, 69, 74; 
Blenkinsop’s engine, 72; Chap- 


man and Brunton’s engines, 73; 

Blackett’s Wylam_ engine, 74; 

Kenton and Coxlodge engine, 80; 

Stephenson’s Killingworth locomo- 

tive, 81, 86; Stockton and Darling- 

ton locomotives, 135; prize at 

Liverpool for the best engine, 207 ; 

won by the * Rocket,’ 218; the 

“Arrow, 222; further improve- 

ments, 226. 

manufactory, Stephenson’s, 
at Newcastle, 132, 193, 199, 310. 

Long Benton. See Benton. 

London and Birmingham Railway 
projected, 237; the Steplhensons 
appointed engineers, 238 5; opposi- 
tion to the Bill, Sir Astley Cooper, 
239; the Rill rejected, 240; Bill 
passed, 241; the works, 242; 
Tring Cutting, 244; Blisworth 
Cutting, 243; Primrose Hill Tun- 
nel, 244; Kilsby ae 245; 
magnitude of the works, 2 

Losh, Mr., Newcastle, 111, i 

Lough’s statue of Gorge Stephenson, 
555. 
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MANCHESTER and Leeds Railway 
254; the Act obtained, 255; con- 
struction of summit tunnel, 256; 
magnitude of the works, 257, 

trade with Liverpool, 
iner€ase of, 146, 154. 

Mania, the Railway, 288. 

Maps,—Newcastle district, 2; Stock- 
ton and Darlington Railway, 125 ; 
Liverpool @id Manchester Railway, 

90; Leicester and Swannington 
Railway, 9233; London and Bir- 
mingham Railway, 242; Menai 
Strait, 325, 

Mariquita, Robert Stephenson at, 196, 

Mechanical Engineers, Society of, 353. 

Mechanics’ Institutes, George Stephen- 
son’s interest in, 280. 

Menai Suspension Bridge, 320; Rail 
way bridge, 331. 

Mastham Tram-road, 153, 

Microscope, George Stephenson’s, 346, 

Middlesborough-on-Tees, 144. 

Middleton Railway, Leeds, 72, 

Midland Railway, 257 

Militia, G. Stephenson, drawn for, 
40. 

Mining, coal, 3, 7, 92; 
America, 197. 

Montrose, G, Stephenson at, 38. 

Moodie, underviewer at hillingworth, 
94-7, 119. 

Morecambe Bay, proposed reclamation 
ef, 262, 

Morton-on-the-Mareh Railway, 153. 

Multitubular boiler, 208, 

Murdock’s model Locomotive, 66, 

Murray, Mathew, Leeds, 72. 
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NEWCOMEN, 


Institute, 378; Stephenson jubilees 
at, 206, 310; High Level Bridge, 
312; George Stephenson’s statue, 
354. 

Newcomen’s atmospheric 
41, 

Nile, R. Stephenson’s tubular bridges 
over, 357. 

North Midland Railway, 257, 261. 

North, Roger, description of early 
tram-roads, 5. 

Northampton, opposition ,of to Kail- 
ways, 232. 

Northumberland Atmospheric Railway, 
337. 

“ Novelty,’ 
218, 230. 
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O1riveE Mount Cutting, Liverpool, 
185. 

Openings of Railways,—Hetton, 118; 
Stockton and Darlington, 136; 
Middlesborough, 143; Liverpool 
and Manchester, 222; London and 
Birmingham, 268; Birmingham 
and Derby, 268; East Coast route 
to Scotland, 319; Britannia Bridge, 
339; Trent Valley, 352. 

Organization of labour, G. Stephen- 
son’s, 182, 222, 225. 

Outram, Benj., Little Katon, 6. 


PARLIAMENT and Railways, 292, 294. 

Parr Moss, Railway across, 181. 

Passenger traffic of early Railways, 
138, 156, 160. 

Paxton, Sir Joseph, 378. 

Pease, Edward, projects the Stockton 
and Darlington Railway, 1243 first 
interview with George Stephenson, 
156; visits Killingworth, 129; 
joins Stephenson in Locomotive Ma- 
uufactory, 132, 199, 202 ; Stephen- 
son's esteem and gratitude, 145; 
letters to Robert Stephenson, 199, 
253, 357. 

Peel, Sir Robert, 224, 293. 

Penmacr Mawr, Railway under, 321. 

Permanent way of Railroads, 110. 

Perpetual motion, George S‘p henson 
studics, 34, 48. 
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RAVENSWORTH., 


“ Perseverance.” 
tive, 214, 218. 

Phillips, Sir R., speculations on Rail- 
ways, 148. 

Pile-driving by steam, 312, SIC. 

Pitmen, Sorthumbrian, &. 

“Planet” Locomotive, 229, 

Plugman, duties of, 22. 

Politics, George and Robert Stephen- 
son's, 378-S, 

Primrose Hill Tynnel, 244. 

Prophecies of railway failure, 158, 
166, 172. 

Pumping-enginues, George Stephenson’s 
skill in, 38, 41, 44, 247. 

Pupils, «George Stephenson’s, 190-2, 
269, 

Pyrenean Pastoral, 298. 


Burstall’s Loconin 


‘QUARTERLY,’ the, on raiiway speed, 
159. 

Queen, the, her first use of the Railway, 
2745; opens the High Level and 
Royal Border Bridges, 319 ; visits 
the Britannia Bridge, 338. 


RAILS, cast and wrought 
133, 

Nailways,—early, 5-7; Merthyr Tydfil 
(Pen-y-darran), 69, 7135 Middleton, 
Leeds, 72; Wylam, 74;  Killing- 
woith, 84, 116; Hetton, 1138; 
Stockton and Darlington, 123; 
Liverpool and Manchester, 222; 
Grand Junction, 230, 2533; Great 
Western, and Leicester and Swan- 
ington, 232; London and Birming- 
ham, 237; Navvies, 250; Manches- 
ter and Leeds, 2545 Midland, 257 ; 
York and North Midland, 261 ; 
travelling, 270-4 ; undulating, 284 ; 
atmospheric, 286 ; Chester and Bir- 
kenhead, 286; mania, 288; New- 
castle and Berwick, and Newcastle 
and Darlington, 306 ; South Devon, 
38; Chester and Holyhead, 320 ; 
Trent Valley, 352. 

Rainhill, locomotive competition at. 
215. 

Rastrick, Mr., C.i%., 219, 253. 

Ravensworth, Earl of, 46, 82. 


2 


iron, 6, 


land 


we 


38¢ 


ree 


RENNIE. 


Rennie, Messrs., C.E., 123, 171, 173, 
325. 

Road locomotion, —Cugnot’s steam- 
carriage, 64; Evans and Syming- 
ton’s, 65; Trevithick’s, 67; George 
Stephenson on, 113. 4 

Robertson, Andrew, schoolmastex, 24, 
28. 

Robins, anecdote of George Stephen- 
son and the, 265. 

Robison, Dr., his idea of a Locomotive, 


is Rocket’? the, its construction, 210; 
arrangements of, 212; wins the 
prize of 500/., 218.6 

Roscoe, Mr., his farm on Chat Moss, 
169, 174, 176. 

Ross, A. M., Engineer, 360. ‘ 

Royal Border Bridge, Berwick, 311. 

‘utter’s School, Benton, 50, 55. 


SAFETY-LAMP, Dr, Clanny’s, 92; 
Stephenson’s first lamp, 94 ; second 
lamp, 99; third lamp, 100; Sir 
H. Davy’s paper, 92; his lamp, 
101; the satety-lamp controversy, 
102; the Davy and Stephenson 
testimonials, 104-6; comparative 
merits of the Davy and “ Geordy”’ 
lamps, 107-8. 

Sailing-waygons on tram-roads, 63, 

“Samson ”’ Locomotive, 227. 

Sandars, Joseph, Liverpool, 147, 149, 
154. 

Sankey Viaduct, 185. 

‘“< Sanspareil”” Locomotive, Tim Hack- 
worth’s, 214, 216, 218. 

Sea, the force of, 321, 323. 

Seguin, Mr., C.E., his tubular boiler, 
210. 

Self-acting incline, 61. 

Sibthorpe, Colonel, on Railways, 231, 
274. 

Simplon Road, Midland Railway com- 
pared with, 257. 

Snibston Colliery purchased by George 
Stephenson, 234. 

Sopwith, Mr., C.E., 96, 297. 

Spanish Railway, George ii and 
survey of, 298. © 

Bpexd, railway,—on Middleton Rail- 
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SPUR-GEAR. 
way, 72; Wylam, 80; Killing- 
worth, 85, 156; Coxlodge, 80; 


Stockton and Darlington, 143; G. 
Stephenson before Cemmittee of 
House of Commons on, 282. 

Speed of engines tried at Rainhill, 
214-19; of the “ Northumbrian,” 
224; George Stephenson’s views on, 
282. 

Spur-gear, lotomotive, 83. 

stfiths, coal, 10. 

129 
135, 203, 205. 

Statues of George Stephenson, 354. 

Steam-blast, invention of, 85, 208-11. 

Steam-springs, G. Stephenson’s, 112, 

Stephenson family, the, 15, 17, 19, 
21,39; “ Old Bob,” 14, 15, 39, 55, 

Stephenson, George, birth and parent- 
age, 13. 15; employed as herd-boy, 

makes clay engines, 16,17; plough- 
“poy drives the gin-horse, 18; 
assistant-fireman, 19; fireman, 21; 
engineman—study of the steam- 
engine, 22; his schoolmasters, 24, 
48, 60; learns to brake an engine, 
26; duties as brakesman, 27; 
soles shoes, 28; saves his first 
guinea, 29; ficchts with a pitman, 
Bs marries F anny Henderson, 33; 
heav es ballast, J+; cleans clocks, 
355; death of his wife, 363 goes to 
Scotland, 37; returns home, 38 ; 
brakesman at West Moor, Killing- 
worth, 59; drawn for the militia, 
41); takes a brakeing contract, 41; 
cures pumping-engine, 425 engine- 
wright to the colliery, 465; even- 
ings with John Wigham, 48; 
education of his son, 50-4 5 cottage 
al West Moor, 57 ; the sun-dial, 60 ; 
erects winding and pumping engines, 
615; study of locomotive, 62; makes 
his first travelling-engine, 82; 
invents the steam-blast, 85; second 
locomotive, 85; fire in the main, 
personal courage, 90; invents and 
tests his safety-lamps, 93, 102; the 
Stephenson testimonial, 105; farther 
imprevements in the Killingworth 
locomotive, 110; constructs th. 
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Hetton Railway, 117; surveys and 
constructs the Stockton and Dar- 
lington Railway, 128; his second 
wife, 129; starts a Locomotive 
Manufactory, 132; appointed en- 
gineer of the Liverpcol and Man- 
chester line, 154; examined before 
Parliamentary Committee, 162; 
the Railway across Chat Moss, 173- 
86, 192; life at hee, 190; the 
“ Rocket’? constructed, 2103; ,ub- 
lic opening of Liv erpool und Man- 
chester line, 223 5; engineer of Grand 
Junction, 230 ; purchases Snibston 
Colliery, and removes to Alton 
Grange, 234 3; appointed joint en- 
gineer of London and Bumingham 
Railway, 237; engineer of Man- 
chester and Leeds BINS, 20a 
of Midland Railway, 257; of York 
and North Midland Railway, 261 ; 
life at Alton Grange, 26033 visiv to 
jelginm and interviews with King 
Leopold, 2675 takes lease of Clay- 
ross Colliery, 2775 lime-works at 
Ambergate, residence at ‘Tapton 
House, 278; appearance at Me- 
chanics’ Institutes, 280 3 opinions 
of railway speed, 282; views as to 
atmospheric system of working, 
237; opposes the railway mania, 
2903 again visits Belgium, 295 ; 
visit to Spain, 297; retires from 
the profession of engineering, 301; 
Newcastle and Berwick Railway, 
and Chester and Holyhead Rail- 
way, 307; habits, conversation, 
&c., 343; theory of coal formation, 
Bol ; meeting with Emerson, 352 ; 
illness and death, 354; characte: - 
istics, 368, 


Stephenson, Robert,—his birth, -death 


of his mother, 363 his father’s care 
for his education, 503 is put to 
Rutter’s school, Benton, 503 sent 
to Bruce’s school, Newcastle, 52; 
evenings with his father, 543 his 
boyish tricks, 555 repeats Frank- 
lin’s lightning experiment, 56; his 
father’s 


assistant, 50, ee gives 
lessons to the pitmen’s® dons, 60 ; 
@ 
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STOCKTON. 


calculates the latitude for a sun- 
dial at Killingworth, 60; his re- 
collections of the trial of the first 
safety-lamp, 94; apprenticed to a 
coal-viewer, 119; sent to college at 
Edinbargh, 1215; assists in survey 
of Stockton and Darlington Rail- 
way, 128; assists in survey of 
Liverpool and Manchester Rail- 
way, 153; leaves England for 
Colombia, 193; residence at Mari- 
quita, 196 , resigns his situation 
as mining engineer, 199; rencontre 
with Trevithick at Cartagena, 200 ; 
shipwreck, 201; return to New- 
castle, 202; pamphlet on the loco- 
motive engine, 2063; discussions 
with his father as to the locomo- 
tive, 208 ; constructs the “* Rocket,” 
2103; wims the prize, 218; im- 
provements in the locomotive, 
2213 appointed engineer of Lei- 
vester and Swannington Railway, 
232; his first tunnel, 253 5 tinds 
coal at Snibston, 234; appointed 
jeint engineer of London and Bir-° 
mingham Railway, 2375 coustruc- 
tion of the works, 2425 overcomes 
the difliculties of the Kilsby Tun- 
nel, 248; letter to Sir Robert Peel 
on “undulating railways,” 293; 
his extensive employment, 302-3 ; 
the competitor of Brunel, 304; 
engineer of Newcastle and Berwick 
lailway, 306; engineer of Royal 
Border Bridge, Berwick, 311;  en- 
gineer of High Level Bridge, New- 
castle, 3123 engineer of Chester 
and Holyhead Railway, 320; con- 
structs the Britannia and Conway 
Tubular Bridges, 3245 succeeds to 
his father’s wealth, and arranges to 
retire from business, 357; designs 
tubular bridges for Canada and 
Egypt, 357; member of Parlia- 
ment, foreign honours, 366; death, 
368 ; character, $77. 


Stock Exchange and railway specula- 


tion, 289. 


Stockton and Dgrlington Nailway.— 


projected, promoted by Edward 
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STRATHMORE, 


Pease, 123; act passed, 1253 re- 
surveyed by G. Stephenson, 128; 
opening of the Railway, 136; the 
coal tratfic, 138; the first passenger 
coach, 139; coaching companies, 
140 ; increase of” the traic, 141; 
town of Middlesborough, 144... 
Strathmore, Earl of, 46, "105. 
Sun-dial at ‘Killingworth, 60, 280. 
Swanwick, Frederick, CE, 190, 192, 
32. 
Symington, Wm., Sg cates, 65, 
6 


JAPTON 
341. 


Hovuskt, a 278, 





YOUNG. 


| Vignolles, Mr., C.E., 171, 185, 204. 


WAGGON-RGOADS, early, 4-7, 16, 63, 

Walker, James, C.E., 159. 

Wallsend, Newcastle, 1, 33. 

Walm@ey, Sir Joshua, 297, 299, 371, 

Wandsworth and Croydon Tram-way. 

69, 147. 

Watford Tunnel, 245. 

Watt, James, @nd the Locomotive, 64. 

Waf-leaves for wagyon roads, 5. 

Wellington, gp uke of, and Railways, 
23, 274. 

West Moor, 


Killingworth, 37, 40, 91, 
108, . 


Tramn-roads, early, 5; re oydon and | Whitehaven, early Railroad at, 6. 


Merstham, 147. 
Travelling by Railway, 160, ‘ 
Trevithick, Richard, C.E., his steam- 
carriage, 673; his tram-engine, and 
substitute for steam-blast, 70 3 ren- 
contre with Robert Stephenson at 
Cartagena, 200. 


| Wigham, John, 


Stephenson’s teacher, 
48-9, 

Willington Quay, 28, 31-6. 

Wilton, Earl of, 172. 

Wogd, Nicholas, prepares drawing ot 
safety-lamp, 945; is present at its 
trial, 95; assists at experiments on 


Trent Valley Railway, 352. 

Trellis girder bridges, 360. 

‘Tring Cutting, 242. 

Tubular boilers, 209. 

Tubular bridges, 334, 339, 360. 

Tunnels, railway,—Liverpool, 183, 
Primrose Hill, 244; Kilsby, 245 ; 
Watlord, 245; Littleborough, 255. 

i vne, the, at Newcastle, 3, 10, 11, 


firedamp, 98; appears with Ste- 
phenson before Newcastle Institute, 
102; opinion of the ** Geordy” lamp, 
108 ; experiments with Stephenson 
on friction, 117; accident in pit, 
119; visits Edward Pease with G. 
Stephenson, 126. 

Woolt’s tubular boilers, 209. 

Wylam Colliery and village, 12-14. 





J15, waggon-way, 74, 78. 
VIADUCTS,—Sankey, 185; Dutton, | YorK and North Midland Railway, 

254; Berwick, 311; Newcastle, 201; 

412. Young, Arthur, description uf earls 


Victoria Bridge, Montreal, 357-64, -waggon-roads, 5. 
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By the same Author, Post 8vo., 6s., 
SELF-HELP; 


WITH ILLUSTRATIONS OF CHARACTER, CONDUCT, 
AND PERSEVERANCE, 


Pw were trees, cee a oe py, Lane, 


“Tf I had read this bot when I was a young man, my life would ave been very 
aiferent.”’—Such was the remark made to me by a friend on returning Smiles’s ‘ Self- 
Help,’ which I had given him to read. I was much struck by the observation ; and 
while thinking of the immense effect which this incomparable book has produced in 
England, and of the universally favourable reception which the Italian translation has 
received in this country, I received a letter from Srgnor G. Barbéra, in which he invited 
me to write a book similar to the English one, but illustrated by Italian examples. I 
was much astonished at his thinking me equal t2 the work; but his valuable suggestion 
delighted me, and I accepted his proposal with much cordiality.,—MiIcHEL# Lussona, 
in Volere é Potere. 


‘* € Voleve @ Potere’ (“Willis Power’). Such is the title ofa very interesting popular 
work just issued by the eminent Floventine publisher, G. Barbéra. The history of this 
production is rather curious. It may not be known that the most remarkable literar 
success achieved of late years in Italy (where literary successes are the rarest of all 
events) has fallen to the lout of Mr. Samuel Smiles’s admirable ‘Self-Help,’ an Italian 
version of which, published some time ago at Milan, has since gone through several 
editions, and still appears to be in continual demand. The idea of the book wal a 
novelty for Italians, and the moral which it inculcates one so eminently deserving of 
being enforced upon all classes of the public in Italy, that the question soon arose 
whether it would not be advisible to extend the sphere of its utihty by promoting the 
publication of a similar book, specially designed for Italian readers,and in which the 
examples of patient industry and of untiring perseverance in the pursuit of a fixed design 
should be drawn from home materials, An association founded in Florence with the 
express object of stimulating the educational movement among the people, offered a 

rize of 3000 f. for the best production of the kind, and all the literary men of Italy were 
Invited to compete. M. Lessona, an agreeable writer upon popular subjects, has already 
entered the lists, and printed his work (‘Volere é Potere ’) without waiting for the award 
of the committee appointed tu decide between the rival competitors.” —Standard, 


* Une grande sagesse qu’on pourrait appeler la splendeur du bon sens, comme Platon 
définissait le beau la ade du vrai,—tel est le caractére qui distingue surtout ‘ Self- 
Help.’ Ce livre, si populaire chez nos voisins, répond admirablement aux idées de la 
famille anglo-saxonne. Recevra-t-il chez nous le méme accueil? Je l’espére, mais il 
aura aussi, j¢ le crains, plus d’un vieux préjugé A combattre. En France, n‘a-t-on point 
trop compté sur Jes institutions politiques malgré la duréc ¢phémére des gouvernements ? 
L’Etat peut faire du premier venu un ministre: il ne saurait en faire un grand homme, 
il méme un fonctionnaire intégre et capable. II est donc bon de chercher & d'autres 
sources ces énergies morales qui développent et régénérent les sociétés.”—Revue des 
Deux Mondes. 


‘Mr. Smiles’s book is wise beyond the wisdom of any but a very few books that we 
have read, The chapter on the use and abuse of money we must commend to the reader’s 
own perusal. It is pregnant with practical wisdom, and contains, besides, some excellent 
remarks upon the improvidence of the working-classes, and upon the evils entailed by the 
pursuit of vulgar ‘respectability’ among thair so-called superiors. ‘Self-Help’ is one of 
the soundest, wisest, most instructive, and most wholesome works we have opened for a 
long time.” —Leader. 


S. 


“y 


Oy 8 


Re A RT ee EE OES RR ER NNR CAEN SPENSER ails ANREP my EY pe en NE RONNIE AISI wns wa RN ro tal 


By the same Author, Post 8vo., 6s., 


THRIFT: 


A BOOK OF DOMESTIC COUNSEL. 


*“There is no book among the curren literature of the day we would rather see ina 
young man’s hand than this. Although every person in his daily experience must meet 
with many instances of the folly of unthrift, especially amung the poorer classes, the 
frequency of the text, and it Is to be feared the disposition of she age, render the lesson 
valueless. Domestic economy 1s an art and a science is an unstudied subject, and one 
few writers have deemed worthy of their thoughts. ‘We cannot therefore feel sufficiently 
thankful that the able writer:of ‘Self-Help’ has turned his attention to it, and endea- 
voured, in languaye that has not only a literary charm about it, but bears the stamp of 
philanthropic carnestness, to rouse the interest, and thereby the reflection, of the British 
public in so important a matter of national welfare. ‘he dignity*of labour, the necessity 
of inducing habits of saving, . 1e wickedness of extravapant living, the dangers of prus- 
perity, and the want of sympathy between employers and employed, are topics on which 
Mr. Siniles speaks hard, and it may be, unpleasant truths, accompanied by a fund of 
iNustration, Perhaps no part of the bouk is so valuable as the dissipation of the super- 
stitious behef in good-luck and the chaptér on the art of hving. We trust the work will 
be found in every village and public library, that its principles inay be disseminated 
broadcast among our youth, and we can assure all that they may enjoy in it many an 
hour’s pleasant and profitable rcading.”—Speclator. 


“In Mr. Smiles’s latest book he gives us something more than an illustrative treatise on 
that homely and excellent virtue, Thrift. He deals with some of the leading social 
questions of the day, such as Co-operation and Association. He sketches the sanitary 
movement, unsparingly satirises the feminine follies of fashionable circles, and lastty con- 
cludes with anu admirable essay on what may be called the asthetics of common life. We 
all know what a bouk from Mr. Smiles is sure to be, anecdotical, practical, and abounding 
in good sense and every-day wisdom,—a book that is sure to entertain the old and instruct 
the young.” —Academy. 


**Mr. Smiles has produced an interesting volume. His pages bristle with sage pre- 
cepts and with admirable illustrations of the virtue he has undertaken to inculcate on his 
countrymen. here 1s no doubt ample room for a judicious homily on Vhrift. The 
wealth of England was never so great as at this time, and the thoughtless improvidence 
of Englishmen was never so conspicuous. Mr. Smiles complains, as well he may, of the 
monstrous folly of highly-paid artizans, who spend half their wages in selfish pleasure ; 
and he shows that the large gains cf such men are no proof of prusperity, as they do but 
add to their thriftlessness, and serve to gratify animal indulgences. Moncey, like political 

wer, in the hands of uncultivated men, is certain ty be abused. .« «© «© On the whole, 

fr. Smiles’s volume is marked by sound good sense, tersely and vigurously expressed. 
There are few readers who will not gain from it more than one useful lesson, and to young 
men it may prove especially serviceable." —LPall Mall Gazette. 


“In writing one mure good book, in these days when much that is worthless in litera- 
ture finds favour with the masses, Mr. Smiles has added permanency to the lustre of a 
name which has long been a ‘household word’ amongst us, and entitled himself to the 
renewed thanks of everyone who is interested in the prosperlly: the happiness, and the 
well-being of the community. . . . « May the lesson he teaches be deeply gratted in the 
minds of the rising generation, to whom more especially we commend the careful perusal 
and study of the wurk now before us.” —Derby Advertiser. 


**Mr. Smiles has done something in the concluding pages of this volume to give us the 
supplement which many peuple have thought was lacking to his teaching. They are full 
of the highest thought, replete with generous sentiment, based on the true conception of 
man as a being who only degins his life here below. . . . « The book in several ways 
supplements the former ones; anu it is in one respect, at least, superior to then..”’— 
Nonconforimist. 
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By the same Author, post 8vo., 6s., 


CHARACTER: 


A COMVPANION VOLUME TO ‘SELF-HELP’ 


OPINIONS *OF THE PRESS, &¢. 
& 


“This work is so exact) fitted fur a gift-buok (and indeed a schoolboy or a boy 
leaving schoul need desire no better one) that we are inclined to mentivn it here, ‘Che 
value of character above all mere intellectual culture, the blessedness of work, the necessity 
of courage and self-contro® the sense of duty as the guidin@star of lifu—these are some 
of the topics diggussed in  Character,’—not, however, as abstract propositions, but with 
the help of a store of illustrations drawn from the biographies of great men. ‘The book 
pussesses, if We may use the expression, a vital furce, and can scarcely fail to stimulate 
the reader. ‘The chapters headed ‘ Companior&hip of Books,’ and ‘Companionship in 
Marriage,’ will be read with special interest.”—/ ad? Mall Gazette, 

“ly the lovers of a pure and healthy literature, this invizorating and high-toned 
volume from the pen of the author of ‘Self-Help,’ will afford real and genuine enjoyment. 
In the clear and attractive style whic has rendered his previous writings so deservedly 
popular, Mr. Siniles has here shown to what a height of mental and moral excellence our 
weak and imperfect nature may attain, and how much true nobility of character it may 
develop and sustain. 2... ‘The last two chapters, on Companionship in Marriage and 
the Discipline of experience, form a fitting conclusion to so excellent a book, and are 
pregnant with interest and lessons of the highest wisdom. The breadth and soundnes@of 
the views enunciated In the former on sume delicate but universally important topics are 
especially commendable, and should be read and pondered over by all who see a much- 
neglected source of happiness for the people in the elevation of their home-life, and a 
thore extensive culusation of the domestic virtues.”"—Levds Mercury. 

“ Uniform in size with the author's very popular ‘ Self-Help,’ this work is of the same 
tone and cast of thought. Delieving that Character is a great power in the world, the 
author treats the various points in which it may be developed, or which call it forth. 
Hence, we have chapters on Home Power, Gompanionship, Temper, Marriage, Expe- 
rience, and abundant citations of examples, so that the work is full of interest. It is 
dithcult indeed to limit the good that may arise from these honest, earnest books, full of 
right thinking ; plain, sensible, aud not too full of sentiment.”—/xdleshers’ Circular. 

“ Readers of * Self-Help’ will need no further inducement to send them in search of 
the new work by the author of that charming book. . .. . It would be difficult to select 
a book more admirably adapted as a present to a young man or young wuman at the 
outset of life. The charm of the style is irresistible ; the moral conveyed altogether 
unimpeachable.” — A/anchester Courter, 

‘Phe author of ‘ Self-Help’ has produced another little book which will soon run over 
the face of the land, and help to inspire the rising geyeration with ennobling sentiments. 
In our hunger for facts, we must not overlook the value of ideas. While we are striving 
to give our young people technical information, we must not omit to teach them to be 
truthful, high-thoughted, noble men and women. We must foster their abilities, but not 
forget Character. .... Mr. Smiles, in this very charming volume, has brought together 
the opinions and sayings of good and wise men of all times, as tu the various qualities 
which go to form character... .* ‘The result is a valuable book, calculated as well to 
pive delipht as to do goud.’—Buzlder, 

‘© Mr. Smiles has been fortumate in the chvice of his subject ; and, as a work of wise 
counsel and thoughttul instruction, the new book is quite as successful as any of its 
author’s previous works. Noris it any less entertaining. It literally teems with apposite 
and interesting anecdotes, and the writer’s style is at once so lively and dignified, that on 
the one hand he never becomes dry however earnestly and seriously he discusses life arg. 
duty; and, on the other, he never degenerates into flippancy jn his most amusing illus- 
trations.”"—Mancasder Exan$.¥r. : 
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By the same Author, in 5 vols. crown 8vo., with 9 Steel Portraits 
and 342 Illustrations on Wood, 


LIVES OF THE ENGINEERS; 


WITH AN 
ACCOUNT OF THEIR PRINCIPAI, WORKS, 


INCLUDING A. 


ok 


History of Inland Communication in Britain, and the Invention and 
Introduction of the Steam-Engine and Railway Locomotive. 


A New cnd Revised Edition. 


Vou. IL—EMBANKMENTS AND CANALS—VERMUYDEN, MYDDELTON, 
PERRY, BRINDLEY. 
. IL—Harsours, LIGHTHOUSES, AND BRIDGES—SMEATON AND 
RENNIE, 
yy LIL.—HiIstory oF ROADS—METCALFE AND TELFORD. 
», 1V.—THE STEAM-ENGINE—BOULTON AND WATT. 
w V.—THE LOCOMOrIVE—GEORGE AND ROBERT STEPHENSON, 


*” Each volume is complete in itself, and may be had separately. 


OPINIONS OF THE PRESS, &c., 
ON THE FIRST, SECON, AND THIRD VOLUMES, 


A chapter of English history which had to be written, and which, probably, no one 
could have written so well, Mr. Smiles has obtained a mass of original materials. It is 
not too much to say that we now have an Engineers’ Pantheon, with a connected narra- 
tive of their successive reclamations from sea, bog, and fen; a history of the growth of 
the inland communication of Great Britain by means of its ruads, bridges, canals, and 
railways; and a survey of the lighthouses, breakwaters, docks, and harbours constructed 
for the protection and accommodation of our commerce with the world.” —Zimes. 

“We cannot but refer in passing to the captivating and instructive volumes which 
Mr. Smiles has devoted to the ‘ Lives of the Engineers,’ a record not before attempted 
of the achievements of a race of men who have conferred the highest honour and the 
niost extensive benefits on their country. ‘Who are the great men of the present age?” 
said Mr. Bright in the House of Commons,—‘ Not your warriors—not your statesmen ; 
they are your Engineers.” ”—Fdinburgh Review. 

‘*Mr. Smiles has profoundly studied, and has happily delineated in his lucid and 
instructive biographies, that remarkable succession of gifted minds which has, not by 
lucky guesses, but by incessant labour and by lifelong thought, gradually erected that 
aobie example of dominion of man over the earth—the science of Engineering; and we 
are proud to know that there are men yet among us who can wield the arms of the 
mvincible knights of old, and who will Icave no meaner memory behind them.” —Quarterly 

1ew. 

‘Mr. Smiles may fairly claim the merit of having produced one of the most interesting 
and instructive works, elias discovered aliiost unbroken ground, and has worked it 


LIVES OF THE KNGINEERS. & 


with so much skill and success that his readers will recognise in his volumes an illustra- 
tion of the truth of Lord Macaulay’s saying, that history, personal or national, may, 
when properly written, be rendered as interesting as any novel.”’—London Review. 

**In two handsome volumes, richly illustrated and luxuriously printed, Mr. Smiles 
begins what is in fact a History of the results of Engineering Science in this country. 
He puts his history into the most interesting form by developing it through successive 
stories of the Lives of the Engineers. Although his subject 1g one of the most curious 
and important in the whole historg of civilization, ang abounds in details that are known 
to delight even our boys, the ground Mr, Smiles traverses is to a remarkable degree his 
own peculiar possession.” —£ xravstiner. e - 

“(Two beautifully illustrated volumes, in which the biographical, historical, and mecha- 
nical materials are graphically adjusted, and in which we have presented to us a com- 

rehensive and minute re@ord of English engineers and engineering. By his narrative 
Mr. Smiles has better instructed gis in our obligati@s to our benefactors. The 
whole theme is full of interest to all orders of mind; and in using his materials he has 
laboured to make his work gs complete in every respect as fossible.”—Bryish Quarterly 
Review. 

*‘ In tracing the peo of English engineering from the beginning, Mr. Smiles really 
gives a history of Kngli$h civilization. He has produced a kind of philosophical bio- 
graphy, the progress of @iscovery and industrial conques@ having necessarily a general 
correspondence with the mental development of the great representatives of man’s ex- 
ternal action. We think Mr. Smiles has done what was well worth the doing, with skill, 
with honesty, with purpose, and with taste.” —~— Westminster Review. 

““Vhe ‘Lives of the Engineers’ are writter! in a clear and flowing style, marked by 
good sense and enlivened by humour; they are full of curious information, conveyed in 
a most lucid and easy description; and each successive hero is drawn with an apprecia- 
tion of character, and a minute exhibition of personal traits, which sets the man almost 
visibly before us in his distinct indivfduality, and lends to the history of his struggling 
genius a touch of almost dramatic interest. To produce this result, much hidden labour 
must have been einployed ; for it is the effect of a most careful selection and rigid con 
densation of abundant though dry materials. Mr. Smifes has happily hit the mean 
between the barrenness ofa brief epitome and the dreary wilderness of a maze of detail, 
What he gives is clear, intelligible, and interesting. But he has not trusted entire to 
his literary excellence, great as it is; his volumes derive an additional charm from their 
numerous and happy illustrations. very work of note which has to be described is 
accompanied by a map or plan; every district, ennobled by the birth or enriched by the 
labours of an engineer, is mapped on the margin of the page; and bridges, harbours, 
rvads, and aqueducts are turned by the skill of the artist into most effective decorations. 
The history of the cngincers is uot only the history of great conquests over nature, but 
also of the triumphs of industry and yenius over the artificial obstacies of social rank. 
Tt presents the most stiiking instances of tha&# Self-help which Mr. Smiles has elsewhere 
chronicled. ‘Vhe full merits of these two charming volumes can be learned only froma 
perusal of them.”—Zhe Guardian. 

‘*'lhere may be many here who have made themselves acquainted with a book that 
cannot be too widely brought into public notice—I mean the recent publication of a 

opular anthor, Mr. Smiles, entitled ‘‘Vhe Lives of the Engineers.’ There may be those 

ere who have read the Life of Brindley, and perused the record of his discouragement in 
the tardiness of his own mind, as wel! as in the external circumstances with which he 
determined to do battle, and over which he achieved his triumph. ‘There may be those 
who have read the exploits of the blind Metcalfe, who made roads and bridges in England 
at a time when nobody else had learned to make them, ‘There may be those who have 
dwelt with interest on the achievements of Smeaton, Rennie, and Telford. In that book we 
see of what materials Englishmen are made. These men, who have now become famous 
among us, had no mechanics’ institute, no librarics, no classes, no examinations to cheer 
them on their way. In the greatest poverty, difficulties, and discouragements, their 
energies were found sufficient for their work, and they have written their names in a 
distinguished page of the history of their country.”—7he Right Hion. IV. E. Gladstone 
at Manchester. 

**T have just been reading a work of grcat interest, which I recommend to your 
notice—I mean Smiles’s ‘ Lives of the Engineers.” No more interesting books have been 
published of late years than those of Mr. Smiles—his * Lives of the Engineers,’ his ‘ Life 
of George Stephenson,’ and his admirable little book on ‘ Self-Help’—a most valuable 
mauual,"— Zhe Right Hon, Sir Stajord Northcote ot Laxeter. e 
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LIVES OF THE ENGINEERS 


. 


OPINIONS oF Z LL PRESS ON VOL. LV. 


[THE STEAM-ENGINE—BOULTON AND WATT.] 


‘Mr. Smiles has done -gisely to link che names of Bouluon and Watt together in 
the volume before us. The incre we read of the correspondence between these two great 
men during the birth of the new motive power, the more we feel convinced that the world 
has to be thankful for their happy partnership. Boulton seemed by some happy chance to 
possess all the qualitics of inind that Were wanting in Watt... . From the heaps of 
dusty ledgers in the counting-house at Soho, the author has drawn the materials for thee 
deeply-interesting lives, and has so handled them as to produce a volume which worthily 
crowns his efforts in this most interesting, becittse before untrudden, walk in literature.” 
— Times. 


“‘ Boulton was the complement of Watt’s active intcllipence. . . . His is a memory of 
which the leaders of industry in Great Britain may well be proud. His virtnes were the 
common virtues which render the English character respected throughout the world, but 
iu him they were combined with adimrable harmony, and were unsullicd by any of those 
vices which too frequently degrade the reputation of onr countrymen. We cannot read 
of Mr. Boulton’s grand struggle to bring the steam-engine into further use without a 
fecling of pure admiration, ... We lay down this volume with a feeling of pride and 
admiration that England had the henow of producing at the same tine two such men, 
whose labours will continue to benefit mankind to the remotest generation, and with 
gratitude to the distinguished biographist who preserves for the instruction uf the times 
to come, pictures of them so full of lue and redhity.’—Dadly News. 


** Mr. Smiles has been enabled, by the examination of some hitherto unused papers, tc 
throw a new light upon much of Watt's carcer ; and he has shown much skill in using 
them su as not to become weurisoime, and yet to give us a very full and interesting picture. 
There is, in fact, a certain dramatic interest about the early histury of the great discovery, 
which Mr. Smiles has well brought out. 2... Boultonmis a really nuble character, to whom 
Mr. Smiles has done justice, and whose combination with a aman of Watt's marvellous 
abilities, but defective practical talents, wus of the greatest use to themselves and to the 
country.”—Pall Mall Gawette. 


‘© In this volume Mr. Smiles has published a highly interesting and judiciously-con- 
densed joint biography of the two men to whom England owes such an incalculable 
development of her wealth and power during the last century... . Mr. Smiles carnes 
pleasantly all who choose to read him carefully, through the history of the various im- 
provements engrafted by Watt on his original enyine, and of the other scientific inventions 
upon which his fertile brain was perpetually at work. Ie gives, also, a curious and 
interesting account of the part taken by Loulton in the prevention of the frightfully 
prevalent crime of coining base money, through the application of steam-power tu the 
coinage of a far more accurately-struck currency in metal of a more intrinsic value.” 
—Saturday Review, 


**That Mr. Smiles’s will be the standard life of the great engineer is simply the 
lead of his greater art as an industrial biographer. His skill in weaving together 
cdoce and description, representations of what was known with a distinct specilication 
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of what was contributed by his hero; his dramatic power, in this volume especially, 
exhibited in the contrast of the two partners,—the sanguine, speculative character ot 
Boulton ; the anxious, morbid, cautious temper of Watt,~one full of hope in the very 
darkest circumstances, the@ther full of fear in the brightest,—give the volume a wonderful 
charm. The life of Watt is a great cpic of discovery: the narrative of it by Mr. Smiles 
is an artistic and finished pocm.”’—Lritish Quarterly Review. 


‘We venture to think that thg, Mr. Smiles’s mog recent Work, will achieve even a 
higher popularity than those which have preceded it. We are impressed by this book 
with the fact that hitherto, however highly pulftic speakers and writers may have lauded 
Watt and his achievements, the general public have really known little or nothing of this 
great man’s history, life, and character. ‘hese are admirably and graphically device 
in the volume before u#® in the preparation of which the author appears to have had 
access to a vast mass of authentic dgcuments, of which@ie has made excellent use.”?— 
Observer. * 


““ Mr. Smiles has told the tale of Boulton and Watt’s common strugfles and common 
triumphs, in his clear, manly style, with sufficient anecdote to illustrate and enrich the 
narrative, and sufficien® technical or scientific eaplanation to make his readers understand 
the nature of the inventibns and caperiments which he re@ords.”—Westazinster Review. 


-» 

‘*The two men are brought before us with all the distinctness of life. As the pioneers 
of applied mechanics, Boulton and Watt commend themselves to the special gratitude 
of those whose pursuits lie in the path whee hn they first trod. So, too, in his degree, 
does Mr, Smiles deserve to be remembered for the services he has rendered in thus 
embalming the records of those men to whom England owes so very much of her great- 
ness."-—Mechanics' Magazine, ; 
td 

‘By knitting into one narrative the lives of both men, 30 intimately related through a 
quarter of a century that they could only be told as one story, Mr. Smiles has for the first 
time worthily set forth the history of one of the most Memorable manufacturing estab- 
lishments in the whole circle of English commerce. It wasa thing well worth doing, and 
Mr. Smiles has done it with the sound knowledge, grace of style, and excellent pu®@pose 
of which all his earlier books have given ample proof.” —JL: -ramenier. 

“The story of the labours of these two men is equal in power to anything that 
Mr, Smiles has written; and although there are numervus biographies of Watt, we are 
certain that there are none which will so faithfully and vividly bring him before the eye as 
this. The ‘ Life of Boulton,’ with witich that of Watt is now inseparably joined, is one of 
the aps perfect contributions which the author has made to english hterature.”—Glasgow 
flerald, ° 


“ The lives of these two men, so variously but so richly endowed—the work which 
they did, and the courage with which they met and overcame enormous difficulties—are 
more exciting than the story of a great battle. In fact, the two lives might be called the 
story of a great battle—the contest of genius and courage with the forces of nature, in 
which the former obtained the victory. ... ‘tlhe work is in every respect a worthy 
monument to the memory of the great men whose lives and works it comimemorates,”— 
Birmingham Daily Gasette, 


“The author of this work is an enthusiast in biography. Of all his published books, 
next to ‘ Self-Help,’ this volume, lately issued, is his most interesting one. ‘The extensive 
collection of Soho documents to which he has had access, has enabled him toadd so much 
that is new and valuable tu the story of his hero’s carcer, that hereafter this biography 
must take the first place as a record of the great inventor.”—sléantic Monthly. 


‘*A noble volume in every way—in binding, paper, print, illustrations, and subject. 
The ‘Lives of the Engineers’ are a nerics of biographics all Englishmen may aie. 
perhaps with some sadness, but certainly with great pleasure and pride.”—/Jdustrate 
London News. 
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OPINIONS OR THE PRESSON VOL. V. 
@ 
[THE LOCOMOTIVE—GEORGE AND ROBERT STEPHENSON.] 
6 


“Itisa suena fate that some of the world’s greatest benefactors should pass from 
the world with their history comparatively unnoticed . . .. and @e rightly rejoice when 
the claims of any of them are vindicated—when, from the fiidden company of the 
Brindleys and Watts, men risen from the ranks to do world-wide service, and 
incidently to be the architects of th€ir country’s later greatness, we can obtain the 
authentic history of such a creator as George Stephenson. It is not tov much to say, 
that by Mr. Smiles, who has performed titis office with eminent success, a considerable 
void is filled up in the page of modern histury. We see the vast proportions of our 
modern achievements, and the epic story of this age of iron, more than half comprised in 
the feats of its strongest and most successful worker. ‘The worker himself, with his 
noble simplicity and energy, “his zeal for his kirgl, his native-born gentleness, and 
indomitable tenacity, would probably have been eminent in any age or condition of 
society ; but, in virtue of his actual achievements and the obstacles he surmounted, of his 
struggles and triumphs, we néay designate him a hero, and ask, in defence of this 
arbitrary title, what real conditions of heroism were there wanting ?”—Zhe Zimes. 


«The Life of George Stephenson’ is not onby a valuable piece of biography, it is a 
most important and permanent chapter in the history of locomotive engines and railway 
travelling from their infancy, with which both father and son are identified and known 
throughout the civilized workd.”’—Luglish Churchman. 


‘We should like to see this biography in the-hands of all our young men. One 
breathes a healthy, bracing atmosphere in reading this book. It sets before us a fine 
instance of success in life attained purely in the exercise of genuine qualities. There was 
no sham about George Stephenson. .. . . He was a great .nd good man, and we can 

ive the ‘ Life’ no higher praise than to say that it is worthy of its subject. Mr. Smiles 
i» SO anxious to place the character and career of Stephen.on justly before his readers, that 
he quite forgets himself... . . We do not know that there ever lived an individual 
to whoin each separate inhabitant of Great Britain owes so much of real tangible 
advantage. ’"—Fraser’s Magazine. 


‘Whether the remarkable character of George Stephenson, or the work which he 
accomplished, or the manner in which the story of both is here told, be considered, there 
is but one judgment to be pronounced upon this book, and that is an unqualified approval. 
There is not a youth in the kingdom, whether high-borr or low-born, oho would not find 
in its perusal a healthy and elevating stimulus, The demand for the larger work, from 
whick this has been condensed, has been so great, that we are encouraged to believe that 
in this, its cheaper form, it will have an enormous circulation. We earnestly hope 
it may. Let no youth or young man who may read these lines omit to procure it, as a 
possession, if possible ; if not, for perusal.” —JA7echanics’ Magazine. 


“‘TIt is the fate of few men, even of those who are the most signal public benefactors, ta 
be known and appreciated by the generation in which they hve. The fame of George 
Stephenson spread slowly, and, great as it has at last become, we cannot question that it will 
continue to increase with time. Not only is he a surprising example of a labourer raisin 
himgelf to wealth and eminence without one solitary advantage except what he derived 
from his Uwn genius ; but the direction which that genius took has stamped his name 
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upon the most wonderful achievement of our age... .. He died, leaving behind him 
the highest caaracter for simplicity, kindness of heart, and absolute freedom from all 
sordidness of disposition. His yirtues are very beautifully illustrated, and by no means 
exaggerated, in fig Life by @r. Smiles... .. There is scarcely a single page of the 
work which is not suggestive, and on which it would not be profitable to institute inquiry 
into the results of past experience as compared with present practice, The whole ground 
ts novel, and of the highest interest.”—Oxarterly Review. ‘ 
, 

** The author of the Railway System—already adopted in every civilized country, and 
everywhere bringing forward vast social change®-is the real hero of the half-century. 
His was the guiding mind which discovered ana pointed out to society its destined way. 
Wis biography is the history of the visible commencement of this great event. This 
instructive and deeply inte,€sting story of his youth will soon be in everybody’s hands, 
and will contribute to keep alive theghopes, incite the @erseverance, encourage the 
industry, and form the mind of after generations. It is one of the tales which ‘the 
world will not willingly let diey’ The realities of Stephenson life, which tjll now have 
found no biographer, are more astounding than the fancies of even Eygstefn poets. . . . 
His life is an admirable model for youth, supplied by one of the working multitude, while 
his exertions will help t jelieve them from the extraordinary difficulties he had to 
surmount.”—Economist. 9 


“* We have read this book with unmingled satisfaction. We hardly ever remember to 
have read a biography so thoroughly unaffected, There is no pushing furward of the 
author himszlif--he never comes between us an& his subject. ‘he book is an artless 
attempt toset out the character and career of one of the most jngenuous, honest, 
resolute, homely, and kind-hearted of human beings. We thank Mr. Smiles for having 
made the man walk before us in a most hfe-like picture. The entire style of the work is 
unambitious, lucid, thoroughly manly, and yood.”—Saturday Rewew. 


“ George Stephenson acquired by painful labour and hard-earned experience everything 
ne knew, everything he did, everything he possessed ; and ti¥e volume before us exhibits 
to the reader a picture of courayeous perseverance, which entitles him to the admiration 
of his countrymen and the world, as much as those prodizious results of ingenuity aM@ 
calculation which are identified with his name. We know few books in the English 
language, we can point to few lives of English worthies, more honourable to the people 
among whom such men are born. .... Mr. Smiles has seized with excellent taste and 
feeling the high moral tone of his subject. His work is perfectly unaffected, unpretend- 
ing, and true. He appears to have felt that his task was to draw an honest picture of an 
honest man, and he has heightened the charm of the narrative by touches of natural 
feeling and simple worth, to which George Stephenson was no stranger.”—Edinburgh 
Review, » 


‘¢ Greater men than the Stephensons have doubtless lived and thought, and have acted 
out their speculations, but the practical effect upon the world has seldom or never been 
as great. It is hardly too much to say that locomotive science has been more remarkable 
for the rapid production of consequences than any other of the sciences, and in the whole 
range of this science the Stephensons have been the grandest creators and the boldest 
innovators. ... There is something unusually pleasant in the picture of a father and son 
rising from the very lowest grade together, each somewhat by the other’s aid, while the 
peculiar qualities of each went to make the complement of the genius of the other. It is 
pre-eminently touching to see, on the one side, George Stephenson, the illiterate, un- 
scientific, but inventive collier, conscious of the great drawback to his own promotion, 
saving his weekly wages to send his son to college, and on the other, that son returning 
‘to teach his father and to aid him in the expression of his inarticulate conceptions. They 
lived and worked together, and they rose in turn, with an equality of fortune and success 
that would have left no room for jealousy between them, even if their relationship and 
the generosity of their natures had not precluded it.”—Church and State Review. 


“* A book which has at once the conciseness necessary to render it valuable to the 
professional man, and the interesting character which makes it acceptable to the general 
reader. .. . ‘The information is so interspersed with anecdotes and interesting notes, 
that the work will be read with pleasure by everybody. . . . Mr. Smiles has enjoyed the 
active co-operation of those who were able to throw a light upoa the subject, includiny 
Robert Stephenson himself.”—-ining Fourgal. o 
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With a Frontispicce by JAMES NasmyTH, C.E. 
6 


-, NON LN NL NS Nel 


&. e 
OPENIONS UF THE PRESS, 
e 


‘(Mr. Smiles nas hit upon a rich vein of ore, and works it with great success. He 
has the art of biography, which is by no means so casy of @ttainment as, judging from 
the number of persons whagattempt this species.of composRion, one would imagine it to 
be. Memoirs are countless, but the number of owiaphic sala can be accepted as suc- 
cessful works of art are very few indeed. Mr. Smiles is not only a skilful workman, he 
has chosen a new field of work. Hitherto the great biographies have been written of 
soldiers and sailors, and statesnien, po@ts and artists, and philosophers. It would seem 
as if these only were the great men of the world, as if these only were the benefactors of 
mankind, whose deeds are worthy of memory. The suspicion has arisen that, after all, 
there may be other heroes than thoce of the pen, the sceptre, and the sword. There are, 
indeed, men in various walks of life whose footgteps are worthy of being traced; but 
surely, considering what England is, and to what we owe most of our material greatness. 
the lives of our Engineers are peculiarly worthy of being written. ‘ ‘The true Epic of our 
time,’ says Mr. Carlyle, ‘ianot Arms and the man, but Tools and the man—an infinitely 
wider kind of Epic.”” Our machinery has been the maliung of us; our ironworks have, in 
mite of the progress of other nations, still kept the balance in our hands. Smith-work 
in all its branches of engine-making, machine-making, tool-making, cutlery, iron ship- 
building, and iron-working generally, is our chief glory. England is the mistress of 
manufactures, and so the queen of the world, because it is the land of Smith: and Mr. 
Smiles’s biographies are 2 history of the great family of Smith. Many of the facts which 
he places before us are wholly new, aud are derived from the most likely sources. Thus, 
Maudslay’s partner, Mr. Joshua Field, and his pupil, Mr. Nasmyth, supplied the 
materials for his biography. Mr. John Penn supplied the chief material for the memoir 
of Clement. And so of the other memgrs; though they necessarily go over much well- 
trodden ground, they contain also much original information, expressed with great clear- 
ness, and with a practised skill which renders the reader secure of entertainment in every 
page.”— Ztmes, 








‘‘This is not a very large book, but it is astonishing how much individual, conscientious, 
and thoroughly original research has been required for its composition, and how much 
interesting matter it contains which we possess in no other form. Mr. Smiles rescues na 
name, but many histories, from oblivion, His heroes are known and gratefully remem: 
bered for the benefits they have conferred on mankind, but our knowledge of our bene- 
factors has hitherto been mostly confined to our knowledge of the benefit. It was 
reserved for Mr. Smiles to discover in the workshop, heroes as true as ever hurled their 
battalions across a battle-field, and to present us with much-enduring, much-endeavouring, 
and brave men, where hitherto we had been content with disembodied, almost meaning- 
less names. ‘The present work is further distinguished, not indced from its predecessor., 
but from much of the current literature, by the exquisitely pellucid English, the vigorous 
but unobtrusive style, in which the narratives are conveyed. The value of the work 
before us is doubled, and the time required for perusing, and especially for consulting it 
halved, by the full and minute index in which its contents are tabulated.” —Ldinburgh 
Daily Review, 

** As we read the narrative of the progress of iron-nanufacture in Mr, Smiles’s volume, 


¢ feel more and more proud of the country that has ‘given such men birth, and who 
ve added to the greatness of its prosperity and fame. Even, although there are many 
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instances exhibited where failure was the only reward of the inventowin his day and 

¢neration, because of the time in whieh he lived not being ripe enough to permit its 

enizens to grasp improvemieng and give it form and presence, yet it is clearly enough 
instanced that their laboursggvcre not in vain, Although other men entered into those 
labours, yet all honour is,due to the origimal thinker and practical worker, who, at the 
cost of loss tu his own fortunes, yes persevered in his assurance that he had caught ata 
great truth, and would not let it die, although his own ruin and abject poverty might be, 
as It often was, the only consequegce to himself, If suecess Were not always won, Mr, 
Smiles proves, indeed, that it was well deserved. Gis book is one especially for the 
rising generation. Never may he know how tlg: pursuit of his well-spent leisure hours 
may act: but of this we are confident, that pursuit will form mayy a young man’s cha- 
racter, give him encouragement under trial, and induce him never to give in, whilst there 
is a chance before him of going service to his fellowemen by means of his own inventions 
and exertions,’—Lell’s IVeenly Messguger. ® 


“ This is one of the most gelightful books we have ever &ad. It is at.once practical, 
instructive, and suggestive. Whoever wishes to benefit his young Qgenfs will present 
them every one with a copy of this book. Whatever struggling mechanic who, feeling 
that there is something Beyond what he now knows or can execute, yet hesitates or fears, 
let him read this book. is a sovercign panacea for d#abt or cowardice. Whoever 
takes delight in watching the development of knowledge and in ascertaining the sources 
of the privileges which surround him, Ict him possess himself of this book, and we can 
promise him a treat of no ordinary character." >Shefield Daily Telegraph, 


‘Who has not read Mr. Smiles’s ‘ Lives of the Engineers’? Pleasant voluines, abound- 
ing in quaint strange stories of life-struggles, of battles fought and won by mind over 
stern matter, ay, and more difheuly task, over the opposing intellects of men,* often 
envious, and always sceptical. Mr. “Smiles has established a world-wide reputation as 
the champion of the engincer and the inventor. What matter, that he sometimes acts 
the part of knight-errant, and couches his lance in defence g those who have no claim on 
his services, siinply because they appear to enjoy scant justice at the hands of others? 
His books are none the less readable, that he throws the halo of a tine imayinagjon 
around the acts of his heroes, investing taem with a suiplicity of purpose, a noblenes$ of 
heart, which is al] too rare inthe world. With the mfemory of his last book before us, 
need we say that we welcome yet another wreaght by the same brain? Our author 
hardly does himself justice in stating that lis principal task has lain in selecting and 
arranging the materials pliced at his disposal, supplied, fur the must part, by the de- 
scendants or surviving contemporaries of the men whose leading characteristics he 
records, The voluiine before us bears little evidence of the heterogencous mass of papers 
from which it has been built up with a prudent and skilful hand. ‘Traces of the original 
material, it Is truce, start out len and there 4n bold relief through its pages ; but they 
only serve to impart a quaint tone of truthful simplicity to the whole, which is very 
pleasing. Mr. Siniles treats of men who have risen to fame by a lifelong struggle, in- 
domitable energy, and a thorough reliance on their own powers. To write the biography 
of men like Dud Dudley, Andrew Yarranton, Henry Cort, or Joseph Clement, must 
constitute a pleasure in itself; while to read it, as Mr. Smiles has put it before us, 
conveys a feeling of something more than pleasure. ‘To do full justice to the book ina 
short article, is beyond our power; the public must read and enjoy for themselves.”— 
Mechanics’ Magazine. 


**It is scarcely possible to exaggerate the usefulness or the attractiveness of the volume 
which Mr. Smiles has just published. It has all the interest of a romance, it is as full of 
instruction as the dulle.t and driest scientific treatise can be. Jt is a book which will be 
a favourite with our schoolboys, and it requires no gift of preternatural foresight to 
enable us to predict that many a future James Nasmyth, many a Henry Maudslay in 
times to comme, will derive that healthy stimulus which is needed to quicken the inventive 
genius, from the fascinating pages of this most delightful voluinc. No library for working 
men, no good collection of reading books in our schools, will be complete without this 
volume of ‘ Industrial Biography.’ For ourselyes we own that, much as we have been 
instructed and delighted with the record of inventive skill and of indomitable perseverance 
and industry which we have found in Mr. Smiles’s earlier works, there is none of them 
which exceed—we had almost said which equil—in interest this history of the iron tro? 
and the biography of the iron-workers and toul-makers.”’—~ Fakn Bull. 
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** A book in e. ery way worth writing—not an abridgment or modification of any of his 
former works, but a new book, which would obtain a very large number of readers (even 
if its author’s name had not secured that for it beforehand), because it treats of things 
and men that are now in the ascendant among all Europeangnations, and which concern 
the greatest happiness of the greatest number. The history of tron-workers and tool- 
makers forms the chief contents of this book, which begins with what may be called a 
history of tools as indicative of the history of various men. Mr. Smiles has a happy and 
easy way of imparting kn&wledge, and his style is so lugid and lively that he never wearies 
a reader with his facts. ‘This in @ writer who deals with much of what is called dry 
detail, but is absolutely necessary to complete information on the subject in hand, is no 
small praise. All persons who have read with interest the ‘ Lives of the Engineers,’ and 
‘The Life of George Stephenson,’ will find this book about workmen and tools almost 
necessary, and certainly very pleasant reading.” —GJode. ® 


@ 

**It is impossible to close this book without a feelng of exultation in being an English- 
man—one of the race that Maas wielded, as no other has, tye power of Nature for the 
service of men*and asserted the dominion of the human brain and hand over her choicest 
stores, hidden in hér most secret chambers. As you read page after page of these records 
ot the mechanic triumphs of your kith and kin, once pitied as—@ 


‘ PAbourers that have no landes 
To lyve on but hire [their] handes,’ 


your heart swells with admiration, no less at the inventive power and exhaustless fertility 
of resources they have displayed, than at®the manly bravery and resistless perseverance 
with which many of them have met the bitter hardships of their early life, and forced 
themselves up from ‘the lowest strata to comfort and independence. From the plough, 
the mine, the quarry, they come, eager to shorten the processes af labour, to make that 
which was tedious short, and that which was complicated simple—to do, like Nasmyth, 
in one hour the old work of eighteen hundred hours; and it will be hard, indeed, if the 
country that has so benefited by their toil refuses them a meed of honour and of praise. 
Mr. Smiles, in his well-known sensible, straightforward way, has given us in this 
‘Industrial Biography,’ first, a rapid sketch of the history of iron and the smith in 
jraain, then of the beginnings and progress of the iron manufacture here, and the 
‘“mynurs’ who perfected it, and, lastly, of the thechanical inventions, and the inventors 
that turned into tools and machines the metal which the manufacturers produced. The 
book is a history of iron in Britain, in the most interesting forin that see a history can 
take—a series of the biographies of the men whose brains invented the successive 
improvements in the treatment of the ore and metal; and the lives are told in the style 
Atted to them—plain, vigorous, untricky English, fit for man and boy tu read.” —Aeader. 


** The book is a history of iron and the progress of iron manufacture in Great Britain, 
from the time that the smith sat in the great hall with the king and queen at the Royal 
Court of Wales, down to our own age, when iron navies sweep the ocean, and iron high- 
ways encircle the earth—when iron has become monarch of the globe. The work, hke 
Mr. Smiles’s books, is wonderfully attractive reading, as much on account of the simple 
and pleasing style of the author, as because the biographical and strictly human interest 
abounds over the purely historical. Though iron be the basis of modern civilization, a 
mere dry history of iron and the progress of iron manufacture would probably satisfy but 
few literary appetites, yet the matter becomes at once of different aspect if the human 
beings whose brains and hands shaped and moulded the bountiful ore get into the fore- 
ground, and their history is connected with the history of the great metal. What makes 
Mr. Smiles’s new work still more interesting is, that the biographies of the ‘ iron-workers 
and tool-makers’ are entirely novel, and drawn from private and hitherto unpublished 
sources. Companions of work, friends, and relations, have furnished the materials of the 
lives now given to the world, and which, in all probability, would have otherwise been 
ertirely lost "—Sfectator. 
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LIFE OF A SCOTCH NATURALIST 


(TIHOMAS EDWARD, Associate ot the Linnean Society). 


Jilustrated by GEORGE REID, RSA. 


WorTRAIT ETCHED BY RAJON 


OPINIONS OF THE PRESS. 


“The ‘Life of a Scotch Naturalist’ is a record of success in unsuccess—of fame 
unmingled with any sordid advantage—of wort absolutely disinterested and done ‘for 
nought,’ as all the noblest work has been done. It is the story ofa poor shoemaker 
who is a famous natural philosopher without ceasing to make shoes, or attaining in 
his old age to any seat more easy than that of his familiar bench.”—Blackweod's 
Edinburgh Magazine. @ 

‘“In the evening of a life so noble, it is a comfort to all the friends and admirers 
of Thomas Edward, to think that his exertions in the cause of Natural Science have 
at last been recognized in a way that cannot fail to We grateful to the veteran 
naturalist, who will no longer have tu rely on his ‘last’ as his resource against 
starvation in his old age. All readersgwhether friends of science or not, are bé@nd 
to be grateful to Mr. Smiles fur having, in a charming amd beautifully illustrated volume, 
rescued the fame and character of ‘Thomas Edward from oblivion as a most ace 
complished naturalist,”’— 7eses. 

‘The biography of this remarkable man owes much of its charm to the manner in 
which Mr. Smiles has done his part as narrator. The unobtrusive way in which the 
story is told, and the pleasant style of the smooth and experienced pen, deserve more 
than a passing word of approval.”—Saturday Review. 

‘This ‘Life of a Scotch Naturalist,’ regar@ing it as a mere narrative, is one of the 
most enjoyable books it has ever been our good fortune to read. And it has this further 
merit. It shows what even the humblest and poorest amongst us may achieve, by the 
mere force of will, in spite of all the disadvantages of poverty, superadded to the want of 
education and friends.”—ZLand and Water. 

‘‘ Brimful of interest from beginning to end.”—World, 

‘This ‘ Life of a Scotch Naturalist’ strikes us as Mr. Smiles at his best, in mood, in 
matter, and in manner. In Thomas Edward, a naturalist and north-country shoemaker, 
he has lighted upon a subject of a different order from the common. If ever a man was 
carried away by a subject, it has been Mr. Smiles on the present occasion, and the 
subject is furtunately quite worthy of him. ‘he work is a credit to the head and 
heart of Mr. Smiles, and of Mr. Reid, the Aberdeenshire artist.”—Odserver, 

“This book is clear, racy, unaffected, admirable, and certainly Mr. Reid’s ‘labour of 
love’ on the drawings cannot fail to draw praise for him from the highest quarters. As 
for the etched portrait by Rajon, it strikes us asa simple masterpiece.”—Nonconformest, 

“* Never has Mr. Smiles written with more of freshness and zest than in presenting to 
us the picture of this Palissy of Naturalists, of whose portrait, etched by Rajon, no 
words of praise could well be too high. Here is uw man who, though shrewd and 
practical, never allowed worldly views to conflict with his ideal; who, in all simplicity, 
without complaining, or ignoble greed of fame, followed his star, yielding a notable 
testimony, that, thongh Inquisitions are no more, Science still has its martyrs. A noble 
lesson of unaffected humility here goes hand-in-hand with the lesson of self-heln. and 
elevates it.”—Spectator. 
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ao NEIr EDITION, REVISED AND ENLARGED. 


“The cunning of Mr. Smjles’s hand never fails him, He has chosen the prosaic side 
of Huguenot story, and has made it as fascinating as a rémance. He has not essayed 
to depict the religinus heroism or the social tragedy of the Huguenot story—he has re- 
stricted himself to the cconomical influence ofits migrations, and*he bas made the statistics 
and genealogies —of which his work is full—as interesting ay “fomer’s lists of ships and 
herocs, or as Milton's array of the demi-gods of hell. ‘The process scems very simple 
and easy, but it can be saved from utver dreariness only by consummate art. Mr. Smile 
has pursued his investigations with a laborious minuteness worthy of the Statistical 
Society and of the Heralds’ College; ands yet it is as impossible tu skip a pige, as in 
reading his Life of Stephenson.’—Arvitish Quarterly. 

“Avec un rare dé&sintéressement national et un sentiment de justice qu’on ne saurait 
tropencourager, un écrivain Anglais vient aujourd’hui rendre aux ctrangers ce que la 
riche ét laborieuse Angleterre du aix™® siecle doit aux étrangers. M. Smiles est Phistorien 
de la vapeur et de toutes Ices découvertes utiles ; ses héros sunt les inventeurs, les artisans 
célébres, les ingénieurs, tous ceux, en un mot, qui ont dérobé A la nature un secret ou 
un force pour ctendre le regne de Vhomime sur la mati¢re. Les conquétes de lindustrie 
et du commerce le préoccupent bien autrerment que Jes victuires des armées Anglaises 
. 4, + + Parla tournnre de ses idées et lordre de ses études, M Smiles était donc 
préparé & traiter cet intéressant sujet,—la naistance des arts utiles chee un grand peuple 
gal, & Vorigine, n'avait pas dindustrie.”—Aevue des Denx Mondes. 

‘“The work of Mr. Snules embraces a subject which has never been adequately treated, 
at least in Englsh lterature—the history, namely, of the brench and Flemish Protestant 
refugees in this country, and their descendants. 

“Of the powerful influence exercised by this immigration on our industry, commerce, 
arts, literature, even our usages and modes of thought, few are aware. The subject iv 
by no means a familiar one ainong ourselves. ‘The whole revolution, so to speak, took 
place so gradually, the new population amalgamated so readily and thoroughly with the 
old, that people hardly attached to the phenomena which passed under their eyes their 
real importance. Mr. Susiles’s account of itis, therefore, admirably calculated to impart, 
not only new knowledge, but really new idcas, to most of us. 

‘*'To readers who love to dwell on hervic vicissitudes rather than on mere detai’s of 
economical progress, Mr. Smiles’s accqunt of the persecution in France, the sufferings of 


the many and the marvellous escapes of the few, will prove the most attractive part of 


his work. 

‘© How this noble army of emigrants for conscience sake—the truest aristocracy, per- 
haps, which has ever develuped itself—gradually and peacefully amalgamated with that 
mass of the English people which they had done so much to enrich and to instruct, Mr. 
Smiles has fully shown. He recounts their euthanasia, if such it may be termed, as he 
does their rine. To one of the great causes of their success, and not in England only, 
he docs ample justice. They were, as a body, extremely well educated; and they 
jealously transmitted that inheritance, which they had brought from France, to their 
children. Vhe poorest Huguenot refugee was almost always a cultivated man. Heuce 
their great advantage in the fair race of industry.”-—/’ald Mad Gazette. 

* Nir. Smiles’s book on ‘The Huguenots’ Is an improvement on anything he has yet 
done, and it deserves a success which, by reason of its very merits, we fear it has no 
chance of attaining. The subject breaks ground that may almost be called fallow. Many 
chapters of English history, and these not the least interesting or important, are for the 
first time written, with the care and breadth they deserve, by Mr. Smiles.”—London 
Aeview. 


